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General Description

1.0 GENERAL PLANT
DESCRIPTION

Learning Objectives:

1. Identify the major components included in the
primary and secondary cycles.

2. Describe how reactor coolant temperature and
secondary system pressure change with load.

3. State the function of engineered safety features.

4. Describe how heat from the primary cycle and
_primary cycle components is rejected to the
environment.

. Introduction

A typical pressurized water reactor (PWR)
dual-plant ‘cycle consists of two closed reactor
coolant ‘loops connected to the reactor vessel
(primary), and a separate power conversion system
for the generation of electricity (secondary). )

The use of a dual cycle minimizes the quantity
of fission products released to the main turbine,
condenser, and other secondary plant components
and subsequently to the environment. The
following paragraphs describe the systems installed
in a typical Combustion Engineering designed

PWR. The information in this section was

obtained from the Calvert Chffs Final Safety
Analy51s Report (FSAR). Calvert ‘Cliffs is the
model plant for the Technical Training Center
s1mu]ator and will be used for system descriptions
in this manual.

1.1 Plant Site

The site for the Calvert Cliffs nuclear power
plant consists of approxlmate]y 1,135 acres on the
western shore of the Chesapeake Bay, in Calvert
County, bout 10.5 miles southeast of Prince

Frederick, Maryland. The site is characterized by
a minimum exclusion radius of 1,150 meters,

* remoteness from population centers, an abundant

supply of cooling water, and favorable conditions
of hydrology, geology, seismology and
meteorology The nearest ‘population center is
Washington,- DC, which is approximately 45
miles to the northwest of the site

1.2  Plant Layout

The turbine building at Calvert Cliffs is
oriented parallel and adjacent to the shorelme of
the Chesapeake Bay with the twin ‘containment
structures and auxiliary buildings located on the
west, or landward, side of the turbine building.
The service building and the intake and discharge
structures are on the east, or bay' side,’ of the

-turbine building (Figure 1-1). -

Each containment structure houses a nuclear

'steam supply systern (NSSS), consisting of a

reactor, steam generators, reactor coolant pumps
(RCPs), a pressurizer, and some of the reactor
auxiliaries which do not normally require access
during power operation. Each containment
structure is served 'by a pendant-controlled,
circular bridge crane. - ’

The turbine building houses the turbine
generators, condensers, feedwater heaters,
condensate and feed pumps, turbine auxiliaries,

‘and switchgear assemblies.

The auxiliary building houses the -waste
treatment facilities, engineered safety feature
(ESF) components, heating and ventilating system
components, and the emergency diesel generators
(EDGs).

1.3 - Reactor

The reactor (Figure 1-2) is a pressurized light

‘water cooled’ and’ moderated “type fueled by

USNRC Technical Trammg Center 1-1
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slightly enriched uranium dioxide. The uranium
dioxide is in the form of pellets and is contained in
zircaloy-4 (Zr-4) tubes fitted with welded end
caps. These fuel rods are arranged into fuel
assemblies each consisting of 176 fuel rods
arranged on a 14 x 14 matrix. Space is left in the
fuel rod array to allow for the installation of five
guide tubes. These guide tubes provide for the
smooth motion of control element assembly (CEA)
fingers. The fuel assembly is fitted with end
fittings and spacer grids to maintain fuel rod
alignment and to provide structural support. The
end fittings are also drilled with flow holes to
provide for the flow of cooling water past the fuel
rods.

The reactor is controlled by a combination of
chemical shim and a solid absorber. The solid
absorber is boron carbide in the form of pellets
contained in Inconel tubes. Five (5) tubes of
absorber form a CEA (four tubes in a square matrix
plus a central tube). The five (5) tubes are
connected together at the tops by a yoke which is,
in turn, connected to the control element drive
mechanism (CEDM) extension shaft. Each CEA is
aligned with, and is inserted into, a guide tube in
the fuel assembly. Chemical shim control is
provided by boric acid dissolved in the coolant
(water). The concentration of boric acid is
maintained and controlled as required by the
chemical and volume control system (CVCS).

The reactor core rests on the core support
assembly which is supported by the core support
barrel. The core support barrel is a right circular
cylinder supported from a machined ledge on the
inside surface of the vessel flange forging. The
core support assembly transmits the entire weight
of the core to the core support barrel through a
structure made of beams and vertical columns.
Surrounding the core is a shroud which serves to
limit the coolant which bypasses the core. An
upper guide structure, consisting of an upper
support structure, CEA shrouds, a fuel alignment

plate and a spacer ring, serves to support and
align the upper ends of the fuel assemblies,
prevents lifting of the fuel assemblies in the event
of a loss of coolant accident (LOCA), and
maintains spacing of the CEAs.

14  Reactor Coolant System

The reactor coolant system (RCS) of each unit
consists of two closed heat transfer loops (Figure
1-3) in parallel with the reactor vessel. Each loop
contains one steam generator and two pumps to
circulate coolant. An electrically heated
pressurizer is connected to one loop hot leg. The
coolant system is designed to operate at a power
level of 2,700 MWt to produce steam at a pressure
of 850 psia.

The reactor vessel, loop piping, pressurizer,
and steam generator plenums are fabricated of low
alloy steel, clad internally with stainless steel. The
pressurizer surge line and RCPs are fabricated
from stainless steel and the steam generator tubes
are fabricated from inconel.

Overpressure protection is provided by power-
operated relief valves and spring-loaded safety
valves connected to the pressurizer. Safety and
relief valve discharge is released under water in
the quench tank where the steam discharge is
condensed.

The two steam generators are vertical shell
and U-tube steam generators each of which
produces approximately 6 x 10° Ibm/hr of steam.
Steam is generated in the shell side of the steam
generator and flows upward through moisture

separators. Steam outlet moisture content is less
than 0.20%.

The reactor coolant is circulated by four (4)
electric motor-driven, single suction, centrifugal
pumps. Each pump motor is equipped with a non-
reverse mechanism to prevent reverse rotation of
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any pump ‘that is Tiot being used during operation
with 1éss than four (4) pumps energized.

1.5 Containment

The containment structure uses a pre stressed
N concrete ‘design. The structure is in the form of a
vertical right cylinder with a dome and a flat base.
. - The interior of the structure is lined with carbon
stee] plate for leak tightness. Inside the structure,
. the reactor and other NSSS components are
" shielded with concrete Anunlined steel ventllanon

stack is attached to the outside of the contamment ‘

structure and extends to an e]evatlonﬁabout 10 feet
above the top of the containment dome. Access to
portions of the containment structure during power
operation is permissible. '

The containment structure, in conjunction with
engineered safety features, is designed to withstand
the internal pressure and coincident temperature
resulting from the energy released in the event of
the LOCA associated with 2 ,700 MWt operation.
The design conditions for the structure are an
internal pressure of 50 psig, 2 coincident
temperature of 276 °F, and a leak rate of 0.20% by

weight of the contamment air per day at desrgn

temperature and pressure.
1.6 Engineered Safety Features Systems

Separate ESF systems for each unit in
conjunction with separate containment systems
protect the public and plant personnel from
accidental release of radioactive fission products,

- . particularly in the unlikely event of a LOCA.

These safety features function to localize, control,

mitigate, and terminate such incidents to ho]d

exposure levels below applicable guidelines.

The ESF systems are:

1. The safety injection systems, ‘including high
pressure safety injection (HPSI), low pressure
safety injection (LPSI), and the safety injection

" tanks (SITs);

2. The containment cooling systems,

" consisting “of the contamment spray system ,
and the containment alr recxrculatron and
cooling system,;

3. The containment pénetration room -
ventilation system;

‘4. The containment iodine removal

system and
5. The auxiliary feedwater system

" For each unit, four (4) SIT's are provided, each

" conneécted to one (1) of the four (4) reactor inlet

lines. Each tank ‘has a volume of 2,000 ft°

‘containing 1,000 ft of borated water at refueling

concentration and 1,000 ft* of nitrogen at 200
psig. In the event of a LOCA, the borated water is
forced into the RCS by the expansion of the
nitrogen. The water: from' three - (3) " tanks
adequately cools the entire core.In addition,
borated water is injected into'the same nozzles by
two (2) LPSI and two (2) HPSI puinps taking

suction from the refueling water tank (RWT). For

‘ maximum reliability, the design capacity from the

combined operation of one ' HPSI and one LPSI
pump provides adequate mjectron flow for any
LOCA

- Should the design basis event (DBE) occur, at
least one HPSI and one LPSI pump will receive
power from the emergency power sources, since
normal power is lost and one of the EDGs is
assumed to fail. Upon depletion of the RWT, the
source of water to the? HPSI, LPSI, and
containment spray pumps, is automatically
transferred to the containment sump and the LPSI
pumps are -shutdown. -One HPSI pump has
sufficient capacity to cool the core adequately at
the start of recirculation. During recirculation,
heat in the recirculating water is removed in the
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shutdown cooling heat exchangers by the operation
of the containment spray system. Further, the
suction of the HPSI pumps may be manually
aligned so as to inject sub-cooled water from the
shutdown cooling heat exchangers directly into the
RCS for core cooling

All LPSI and HPSI pumps are located outside
the containment structure to permit access for
periodic testing during normal operation. The
pumps discharge into separate headers which lead
to the containment. Figure 1-4 provides a
simplified diagram of the safety injection systems.

The containment spray system supplies cool,
borated water which reduces the temperature and
pressure of the containment atmosphere. The
pumps take suction initially from the RWT.
Long term cooling is based on suction from the
containment sump through the recirculation lines.
In the recirculation mode of operation, heat is
transferred from the recirculating borated water
through the shutdown cooling heat exchangers to
the component cooling system and ultimately to
the Chesapeake Bay water via the component
cooling heat exchanger.

The containment air recirculation and cooling
system is also designed to provide capability for
reducing the temperature and pressure of the
containment atmosphere. The cooling coils and
fans are sized to provide adequate containment
cooling at DBE conditions without assistance from
other containment heat removal systems. The heat
is transferred to the service water system.

The containment penetration room ventilation
system processes the leakage from the
containment through the containment penetrations
to reduce the radioactivity concentration. The
penetration room is maintained at a negative
pressure relative to the containment following a
LOCA. The penetration room ventilation system
is equipped with particulate and charcoal filters to

remove radioactivity associated with particulates
and iodines before discharging the leakage from
the plant.

The containment iodine removal system
recirculates containment air through charcoal
filters to remove iodine from the containment
atmosphere.

An auxiliary feedwater system is installed to
provide feedwater to the steam generators in the
event of a loss of feedwater or during accidents.
The system consists of two (2) turbine-driven
pumps and a motor-driven pump that receive
water from the condensate storage tank.

The ESF systems are automatically started by
the engineered safety features actuation system
(ESFAS). The signals used to actuate engineered
safety features are:

1. Pressurizer pressure,

2. Containment building pressure,
3. Containment radiation,

4. Steam generator pressure,

5. Steam generator level,

6. 4160 Vac ESF bus voltage and

7. Refueling water tank (RWT) level.
1.7  Reactor Plant Protection Control and
Instrumentation Systems
1.7.1 Reactor Protection
Reactor parameters are maintained within

acceptable limits by the inherent self-controlling
characteristics of the reactor, by CEA

USNRC Technical Training Center 1-4
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positioning, by boron content of the reactor coolant
and by operating procedures. The function of the
reactor protective system (RPS) is to provide
reactor operators with audible and visual alarms

when any reactor parameter approaches the preset -

limits for safe operation. Should pre-selected limits
‘be reached the RPS initiates reactor shutdown to
*prevent ' unsafe conditions for plant personnel,
equipment and to the general public (Figure 1-5).

The RPS is divided into four (4) channels, each

receiving trip signals from separate sensors when

the relevant parameter reaches a preset level. If

any two (2) of these four (4) channels receives

coincident signals, the power supply to the

-'magnetic jack CEDM is interrupted allowing the
'CEAs to drop into the core and shutdown the

" reactor. The RPS is completely independent of, and

separate from, the reactor control systems.

The following is a list of the reactor trips:

1.~ Variable Overpower,

2. High startup rate,

3. Low reactor coolant flow,

4. Low steam generator water level,

5. Low steam generator pressure,

6. High pressurizer pressure,

7. Thermal margin low pressure,

8.  Loss of load (turbine trip),

9. High containment pressure and

10. Local power density
(Axial power distribution)

-

1.7.2 ' Reactor Control

The RCS provides for start-up and shutdown
of the'reactor and for adjustment of the reactor
power in response to turbine load demand. The
NSSS is capable of following a ramp change from
15 to 100% power at a rate of 5% per minute and
at greater rates over smaller load -change
increments up to a step change of 10%.

The control may be accomplished by
automatic CEA movement in response to achange

" in reactor coolant-temperature,.or with manual

control capable of overriding the automatic signal
at any ‘time. The temperature control program
(Figure 1-6) provides a demand temperature
which is a function of power. This temperature is
compared with the coolant average temperature;
if the temperatures are different, The CEAs are
adjusted until - the difference “is within" the
prescribed control band. Regulation of the reactor
coolant ‘temperature in accordance with- this
program maintains the secondary steam pressure
within operating limits and matches reactor power
to load demand.

The reactor is controlled by a combination of
CEAs and dissolved boric acid in the reactor
coolant. Boric acid is used for reactivity changes
associated with large but gradual changes in water
temperature, xenon effects and fuel. burnup.

‘Additions of boric acid also provides an increased

shutdown margin during the initial fuel loading
and subsequent refuelings.

CEA movement provides changes in reactivity
for shutdown or power changes. The CEAs are
actuated by CEDMs.mounted: on the reactor

-vessel head. The CEDMs are designed to permit

rapid insertion of the CEAs into the reactor core
by gravity. CEA motion can be initiated manually
or automatically.

‘ USNRC Technical Training Center 1-5
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The pressure in the RCS is controlled by
regulating the temperature of the coolant in the
pressurizer, where steam and water are held in
thermal equilibrium. Steam is formed by the
pressurizer heaters or condensed by the pressurizer
spray to reduce pressure variations caused by
volumetric changes of the reactor coolant due to
RCS temperature changes.

1.7.3 Instrumentation

The nuclear instrumentation includes excore
and incore neutron flux detectors. Ten channels of
excore instrumentation monitor the neutron flux
and provides reactor protection and control signals
during start-up and power operation.

Four (4) Wide Range Logarithmic channels
monitor the neutron flux from the source range to
full power. Four (4) Power Range channels
monitor the neutron flux range through the full
power range. Two (2) additional Power Range
Channels monitor the flux through the full power
range for reactor control.

The incore monitors consist of self-powered
rhodium neutron detectors and thermocouples to
provide information on neutron flux distribution
and temperature in the core.

The process instrumentation monitoring
includes those critical channels which are used for
protective action. Additional temperature, pressure,
flow and liquid level monitoring is provided, as
required, to keep the operating personnel informed
of plant conditions, and to provide information
from which plant processes can be evaluated and/or
regulated. The boron concentration in the reactor
coolant water is also monitored and is continuously
recorded in the control room.

The plant gaseous and liquid effluents are
monitored for radioactivity. Activity levels are
displayed and off-normal values are annunciated.

Area monitoring stations are provided to measure
radioactivity at selected locations in the plant.

1.8  Electrical Systems

The Calvert Cliffs Nuclear Power Plant
includes two generating units, the ratings of which
are 1,020,000 kVA, 0.9 PF, 25kV, for unit I and
1,0 11,900 kVA, 0.9 PF, 22kV, for unit 2. Each
generator delivers power to the 500kV switchyard
through two 500,000 kVA main step-up power
transformers. Two 500kV transmission lines
connect to the switchyard and transmit the plant
output to the network.

The plant distribution system utilizes voltage
levels of 13.8 kV, 4.1 kV, 480Vac and 120/208
Vac. The system is designed to provide reliable
power for normal operation and safe shutdown of
the plant. Auxiliary and start-up power will be
supplied by two service transformers capable of
supplying the total auxiliary load of both units
simultaneously. One service transformer is
connected to each 500 kV bus in the switchyard

Four 125 Vdc systems provide continuous and
emergency power for control, vital
instrumentation, emergency lighting, vital 120
Vac loads, and computers. Both units share a 250
Vdc system which supplies power to the
emergency lube oil and seal oil pumps. Separate
battery systems are provided for substation
control relaying, microwave telemetry, and
communications.

The plant has four safety-related emergency
diesel generators(EDGs), two dedicated to each
unit. Any combination of two of the EDGs (one
from each unit) is capable of supplying sufficient
power for the operation of necessary ESF loads
during accident conditions on one unit and
shutdown loads of the alternate unit concurrent
with a loss of offsite power.
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1.9  Plant Auxiliary Systems
1.9.1 Chemical and Volume Control System

The purity level in the RCS is controlled by

continuous purification of a bypass stream of

reactor coolant. Water removed from the RCS is

' cooled in the regenerative heat exchanger. From
there the coolant flows to the letdown heat
exchanger and then through a filter and ion
exchanger where corrosion and fission products
are removed. It is then sprayed into the volume
control tank (VCT) and returned to the RCS by the
charging pumps through the regenerative heat
exchanger.

The CVCS (Figure 1-7) automatically controls
the rate of coolant removed from the RCS to
maintain the pressurizer level
prescribed control band thereby compensating for
changes in volume due to coolant temperature

changes. The VCT is sized to accommodate

coolant inventory changes resulting from load
changes from hot standby to full power. Using the
VCT as a surge tank decreases the quantity of
liquid ‘and gaseous waste which otherwise would
' " be generated.

Reactor coolant system makeup water is taken

from the demineralized water storage system and .

from the two concentrated boric acid tanks. The
bonc acid solution in these tanks is maintained at
‘a temperature which prevents crystallization. The
makeup water is pumped through the regenerative
heat exchanger into the reactor coolant loop by the
chargmg pumps. Boron concentration in the RCS

canbe reduced by diverting the letdown flow away -+
‘from the VCT ‘to ‘the reactor coolant waste .

processmg system and using dermneralxzed water
: for coolant makeup. :

1.9.2 - Shutdown Cooling System

The shutdown cooling system (SDC) is used to

within the -

reduce the temperature of the reactor coolant at a
controlled rate from 300°F to a refueling
temperature of approximately 130°F .and to
maintain the proper reactor coolant temperature
during refueling.

The SDC system utilizes the LPSI pumps to
circulate the ~reactor coolant through - two
shutdown cooling heat exchangers, returning it to
the RCS through the LPSI header. Component
cooling water (CCW) is used to cool the shutdown
cooling heat exchangers.

1.9.3 Component Coolmg Water System
The CCW system consists of three (3) pumps,

two .(2) salt water cooled heat .exchangers
interconnecting piping, valving and controls. The

"corrosion-inhibited, demineralized water of this

closed system s circulated through the component
cooling heat exchanger where it is cooled to a

-temperature of 95 °F by the saltwater

cooling system. Typical items cooled by
component cooling water are:

.1. Shutdown cooling heat e)tchanger,

3
H

2. Letdown heat exchanger,
3. RCP seals and lube oil cooler,
4. HPSI pump seals,

5. LPSI pump seals,

~ 6. Waste gas compressors aftercooler and

7. Waste evaporators.

- All items connected to this system and
requiring cooling water are fed by . parallel flow

paths. A head tank floats on the system and

absorbs the volumetric changes due to
temperature changes.
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During normal plant operation, only one (1)
of the three (3) pumps and one (1) of the two (2)
heat exchangers are required for cooling service.

During normal shutdown, two (2) of the three
(3) pumps and both of the heat exchangers are
utilized for cooling. For a LOCA, one (1) of the
three (3) pumps and both of the heat exchangers
can provide the necessary cooling.

1.9.4 Fuel Handling and Storage
System

The fuel handling systems provide for the safe
handling of fuel assemblies and the disassembly,
and storage of the reactor vessel head and internals.
These systems include a bridge crane and a
refueling machine located inside containment
above the refueling pool, the fuel transfer carriage,
the tilting machines, the fuel transfer tube, a fuel
handling machine in the spent fuel storage room,
and various other devices used for handling the
reactor vessel head and internals.

The spent fuel pool, located in the auxiliary
building, consists of two identical halves. Each
half serves one reactor unit. Both new fuel and
spent fuel may be stored in the pool. Dry storage
for new fuel is provided near the spent fuel pool. A
fuel pool service platform is provided for
manipulation of the spent fuel.

1.9.5 Cooling Water Systems

The exhaust steam of the main turbine and
steam generator feed pump turbines is condensed
by circulating water. Six (6) circulating water
pumps per unit, having a combined volumetric
capacity of 1,200,000 gpm, take suction from and
discharge to the Chesapeake Bay through a three
(3) shell condenser. The condenser pressure, under
rated conditions, is two (2) inches of Hg (~ 1 psia).

A salt water cooling system shares the suction
facilities with the circulating water system. Some
important loads cooled by this system are the
CCW system heat exchangers and the service
water heat exchangers.

The service water system supplies a
dependable continuous flow of cooling water to
various plant components for the transfer of heat
to the Chesapeake Bay.

Typical Components that are cooled by
service water are:

1. Containment building coolers,
2. Spent fuel pool coolers,

3. Instrument air compressors and
4. Generator cooling.

1.10 Steam and Power
Conversion System

The turbine generator for unit 1 is furnished
by the General Electric Company. The turbine is
an 1,800 rpm tandem compound, six (6) flow
exhaust, indoor unit.

Under nominal steam conditions of 850 psig
at the stop-valve inlet and with the turbines
exhausting to a condenser pressure of 2 inches of
Hg absolute, the unit 1 generator produces 883
MW. Turbine output corresponds to a NSSS
thermal power level of approximately 2,700 MW.

The condensate and feedwater system (Figure
1-8) consists of three (3) condensate pumps, five
(5)demineralizers, five (5) low pressure feedwater
heaters, three (3) condensate booster pumps, two
(2) high pressure feedwater heaters, and two (2)
turbine-driven feed pumps.

USNRC Technical Training Center 1-8
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Normally, the feed pump turbines are driven by
reheat steam. At low turbine generator loads, main
steam is used to drive the feed pump turbines. All
turbines exhaust into their respective unit
condenser.

1.11 Waste Processing systems

The waste processing systems provide
controlled handling and disposal of liquid, gaseous
and solid wastes. Gaseous and liquid waste
discharges to the environment are controlled to
comply with the limits set by 10 CFR 20.

1.11.1 Liquid Waste System

Reactor coolant from the CVCS and from the
reactor coolant drain tanks is processed by the
liquid waste system, which is comprised of filters,
degasifiers, ion exchangers, evaporators, receiver
tanks, and monitor tanks. The coolant is first
purified by the filters, degasifiers, and ion
exchangers.

The evaporators are used to reconcentrate the
boric acid. The concentrate is normally returned to
the boric acid storage tank, but if the activity is
high, or if the solution is chemically unsuitable for
reuse, the concentrate is processed in the solid
waste processing system and transported to an
offsite disposal facility. The distillate from the
evaporators  is monitored to ensure proper
radioactivity limits are not exceeded and then
discharged to the circulating water system.

1.11.2 Miscellaneous Waste
Processing System

Miscellaneous liquid wastes from the auxiliary
building are filtered and  stored in the
miscellaneous waste receiver tank. The
miscellaneous waste ion exchanger is used to
purify the miscellaneous waste before it enters the
monitor tank. If the radioactivity level of the liquid

in the monitor tank is found to be high, the waste
can be recycled through the ion exchanger or sent
to the liquid waste system.

The liquid in the monitor tank is sampled to
ensure proper radioactivity limits are not
exceeded prior to discharge to the circulating
water system.

1.11.3 Waste Gas System

Waste gases are collected in the vent header
and the waste surge tank. One (1) of the two (2)
waste gas compressors is used to compress the gas
for storage in one (1) of the three (3) waste gas
decay tanks. After decay, the gas in the waste gas
decay tanks is sampled to ensure proper
radioactivity limits are not exceeded, and then is
released to the plant vent at a controlled rate.
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2.1 REACTOR COOLANT
SYSTEM PIPING

Leilrning Objectives:

1. State the purpose of the reactor coolant
. system (RCS).

2. List and state the purpose of the following
RCS penetrations:

a. Hotleg kTh, reactor outlet piping)
1. Pressurizer surge line

2. Shutdown cooling system suction

b. ColdA]eg (Tc reactor inlet piping).

1. Chemical and volume control
system (CVCS) letdown
_ connection

2. Pressurizer spray line
- 3. Common penetration for high pres-
, sure safety injection (HPSI), safety
injection tank (SIT), low pressure
safety
shutdown cooling (SDC)
4. CVCS charging connections

3.  State the purpose of the following:

.a.  Pressurizer
‘b.  Pressurizer safety valves
~¢c. Power operated relief valves (PORVs)
d. . Pressurizer spray valves
.e.  Pressurizer heaters
f.  Quenchtank
g.

Pressurizer auxiliary spray

4. Describe the methods for determining
pressurizer relief valve leakage.

injection (LPSI) and .

5. State the safety-related functlons of "the
following RCS Instrumentation:
a. Th resistance temperature detectors

(RTDs)
b. Tc RTDs
c.  Pressurizer pressure
d. RCS flow

6. Explain the following: ~ - L -
a.  Pressurizer spray driving force
b.’ Purpose . of pressurizer spray bypass
‘c. Low temperature/overpressure

protection (LTOP)
211 RCS Purpose
The purposes of the RCS are:

1.~ Transfer the heat produced in the reactor to
the steam gcnerators

2. Provide the second barrier to prevent the
escape of fission products to the public.
2.1.2  General Description

_ The RCS may be d1v1ded into three (3)
subsystems; heat source, heat 'sink, and ‘the

‘circulatory subsystem. The ‘heat source is the

reactor and the steam gcnerators serve as the ‘heat
sink. This section w111 ‘describe the cuculatory
subsystem.

Hot reactor coolant (Figure 2.1-1) exits the
reactor vessel and travels to the steam generator
through a 42 inch ID horizontal hot leg (reactor
outlet). In the steam generator, the coolant
transfers its heat energy to the secondary system
and exits the generator via the two cold leg
outlets. The coolant is directed by 30 inch ID
piping to the suction of the reactor coolant pumps

USNRC Technical Training Center
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(RCPs) which force the fluid back into the
reactor vessel where the circulation path starts
over.

The section of 30 inch ID piping from the
steam generator outlet to the RCP suction is a
short horizontal run with necessary bends required
to mate with the steam generator and RCP
suction. Coolant is directed from the RCP
discharge through a short horizontal run of 30
inch ID piping to the reactor vessel. The cold leg
consists of that portion of RCS piping from the
steam generator outlet to the reactor vessel inlet.
The piping is designed as compactly as possible to
minimize the volume of coolant in the RCS. A
small volume of coolant results in a lower con-
tainment building pressure in the event of a large
break loss of coolant accident. Figure 2.1-2
shows a plan view of the standard Combustion
Engineering two (2) loop, two (2) steam genera-
tor, four (4) pump RCS. Figure 2.1-3 illustrates a
typical arrangement of RCS supports.

Since the RCS also functions as a barrier to
the escape of fission products, it must be designed
to very stringent requirements. The RCS piping is
constructed of carbon steel, internally clad with
stainless steel with a design pressure of 2500 psia
and a design temperature of 650°F. The
circulating reactor coolant is maintained in a
subcooled condition by the pressurizer. Table
2.1-1 summarizes the design data for the RCS

piping.

2.1.3 RCS Piping Penetrations

(Figure 2.1-4)
2.1.3.1 Hot Leg Penetrations

The penetrations into the hot leg are the
pressurizer surge line, shutdown cooling suction,

RCS sample connection, and a loop drain to the
reactor coolant drain tank (RCDT).

The 12 inch ID pressurizer surge line pene-
trates the 11 hot leg and is installed to allow the
pressurizer to exert a pressure on the RCS,
maintaining the RCS in a subcooled condition. In
addition, the surge line allows the pressurizer to
accommodate RCS volumetric changes caused by
coolant temperature variations.

The 14 inch ID SDC suction penetrates the
12 hot leg and is used to remove decay heat
during the latter portions of plant cooldowns and
residual heat during cold shutdown operations.
Shutdown cooling may be placed inservice at 260
psia and 300°F.

The RCS sample line penetrates the 11 hot
leg and is a one-half inch ID line used for the
routine sampling of the RCS. RCS chemistry is
required to be maintained within specific limits in
accordance with the plant's technical specifica-
tions.

The final penetration into the hot leg is the
loop 11 connection to the RCDT which is used for
draining down the RCS to its various maintenance
levels. A connection for the RCS temporary level
indication ties into the same penetration. The
temporary level indicator is an unimpressive piece
of plastic tubing that has a length greater than the
highest point in the RCS. When the RCS is
cooled down and depressurized, the level in the
tubing equals the level in the system. The
temporary level indicator is used to monitor RCS
levels during maintenance.

2.1.3.2 Cold Leg Penetrations

The cold leg penetrations are used to

USNRC Technical Training Center
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interface with the CVCS, the emergency core
cooling systems (ECCS), the pressurizer, and loop
drains. The CVCS interfaces consists of one (1)
_ two (2) inch ID letdown line and two (2) two ( 2)
inch ID chargmg penetrauons The letdown
connection taps into the suction piping of 12A
RCP and serves as the purification supply to the
CVCS. The charging connections return purified
coolant from the CVCS to the discharge of 11A
and 12B RCPs.

~ The ECCS interfaces are 12 inch ID pipes
. that tie into the cold leg on the discharge side of
each RCP. This connection serves as a common
mJect]on point for HPSI, the SITs, and LPSI. In
addition, these connections provide a return path
for cooled RCS fluid during SDC operations.

The two (2) three (3) inch ID pipes located
on the discharge of 11A and 11B RCPs supply
spray water to the pressurizer. If pressurizer
pressure reaches a predetermined setpoint, the
spray valves open allowing cold water to spray
into the pressunzer steam bubble This action
lowers the saturation temperature and pressure of
the pressurizer.

The last penetratrons into the cold leg piping
are the two (2) inch ID loop drains in the suction
line to each RCP (this drain line shares a

penetratton with the letdown line in loop 12A)."
. These drains are used to drain the RCS to various

" maintenance levels. The loop drains are routed to
the RCDT which, in turn, is pumped to the liquid

waste system.

RCS Instrumerltation
(Figure 2.1-5)

2.14

2.14. 1 Loop Temperature
Instrumentation

RCS loop temperature is sensed with preci-
sion, -platinum resistance ‘temperature detectors

'(RTDs). There dre a total of 22 well-mounted

RTDs, illustrating the CE philosophy of complete
separation of control and safety systems.

Each loop hot leg "has five (5)- RTDs

installed. In addition to the outputs for indication,

alafm and the sibcooled margin “monitor
(SCMM), four (4) of the RTDs supply wide range
( 0-700°F) safety grade 'signals -to the reactor
protection system (RPS) for ‘the -AT " power
reference calculation used in the thermal margin
low pressure (TMLP) trip circuitry. The fifth
RTD supplies a narrow range (515 - 615°F)
control grade ‘signal to -the reactor regulating
system (RRS) for calculation of average loop
temperature ( Tavg -) and -a ‘highhot leg
témperature alarm in the main control room

(MCR)

Each loop cold leg has three (3) RTDs
installed. Two (2) of thé RTDs supply wide range
(0-700°F) safety grade signals to the RPS for the
AT power reference calculation used in the TMLP

* trip circuitry. The -third RTD supplies ‘a control

grade signal through a selector switch to.two
temperature transmitters which - supply :.the
temperature signal to the RRS for calculation of
Tavg, the control element drive system (CEDS)
for an' 'aut'omatié" withdrawal prohibit (AWP)
feature and to the PORV. control circuitry for
LTOP protection. Upon loss of loop 11A(12A)

‘input, loop 11B (12B) input can ‘be manually

selected to ensure a cold leg signal to the RRS.
2.1.42  Loop Flow Instrumentation

Reactor coolant flow is determined by mea-
suring the reactor coolant pressure drop across the

steam generators. The pressure drop across each
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steam generator is sensed by four (4) independent
differential pressure detectors which are
connected by piping from the hot leg to the cold
leg connection of the steam generator.

The output signal from each flow detector is
summed with the signal from the corresponding
flow detector in the other loop. The result is four
(4) independent channels of reactor coolant flow
signal. Each channel provides a signal to indi-
vidual flow indicators in the MCR and to the RPS
for the loss of flow reactor trip.

2.1.5 Pressurizer

2.1.5.1 Pressurizer Design Information

As shown in Figure 2.1-6, the pressurizer is
a cylindrical carbon steel vessel with rounded top
and bottom heads and is clad with stainless steel
on its internal surfaces. The pressurizer is sup-
ported by a cylindrical skirt welded to the bottom
head. It is approximately 37 feet high, with a
diameter of approximately nine (9) feet.

The pressurizer is slightly over half full of
water during full power operation, with the rest of
the volume filled with steam. The principal
internal components of the pressurizer are its
heaters in the lower section and its spray line in
the upper section. Operation of the heaters and
the spray maintains the steam and water at
saturation temperature conditions corresponding
to the desired coolant pressure. Small pressure
and volume variations are accommodated by the
steam volume which absorbs flow into the
pressurizer and by the water volume which allows
flow out of the pressurizer.

Pressurizer connections include the surge
line, the spray line, safety valve nozzles, level

taps, pressure taps, and 120 heater penetrations.
Table 2.1-2 summarizes the pressurizer design
data.

The pressurizer normal operating water
volume of 600 - 800 ft* will satisfy the following
design requirements:

1. Maintain RCS operating pressure (2250
psia).

2.  Compensate for changes in coolant volume
during load changes. The total coolant
volume changes are kept as small as possible
and within the capacities of the CVCS com-
ponents.

3. Contain sufficient volume to prevent
draining the pressurizer and preclude a
safety injection actuation as a result of a
reactor trip or loss of load event.

4. Limit the water volume to minimize the
energy release and resultant containment
pressure during a LOCA.

5. Prevent uncovering of the heaters by the
outsurge of water following design load
decreases (10% step or 5%/min. ramp).

6. Provide sufficient volume to accept the
insurge following a load rejection without
the water level reaching the safety valve and
power-operated relief valve nozzles.

2.1.5.2  Pressurizer Theory

of Operation

In order to understand how the pressurizer
performs its function of maintaining RCS pres-
sure, several basic principles must be clearly
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_understood. First, the RCS is a closed hydraulic
.system, that s, its volume is constant. Second, at

normal operatmg temperatures and pressures
water is about six (6) times as dense as steam.

.Third, the pressurizer is a two (2) phase saturated

system. Ina saturated system there is a pressure
associated with each temperature If temperature
changes, then pressure must change to a new
pressure correspondmg to the new temperature.
Fourth, assume that water is incompressible. It is

~ not completely 1ncompressrble but it is a good
‘ .approxrmatron Fmally, the steam will be treated
-as an ideal gas, which is another good approxi-

matron 'that will not detract from the explanation.
The ideal gas law is:

P=1RT

P = pressure )

r = density

R = ideal gas constant
- T = temperature

where:

Since the pressurizer is a saturated system,
holding the temperature constant will hold the
pressure constant. Since it is desrred that the RCS
be at constant pressure, the pressurizer is operated
at constant temperature. Since R and T are
constant, then pressure is proportional to density.

The RCS is a closed system, therefore, pressure’
. changes in the pressurizer will be transmitted to
- the entlre RCS.

In a pressurized water reactor
(PWR) it is desirerable to operate the loops about
S0°F subcooled, that is,

the pressurizer is maintained by ‘electrical heaters.
If the pressure decreases in the RCS for

some reason, the pressure in the pressurizer will
now be lower than saturation pressure for the

about  50°F below
saturation temperature. “The hlgher temperature in’

temperature in the pressunzer Water ‘will boil
using stored energy and energy from the héaters.
When 'the water changes to steam, it will expand
about six (6) times. The RCS and pressurrzer is,
however, a fixed volume so the steam will have
to increase in densrty, and the pressure ~will
increase.

Conversely, if RCS pressure ‘increases,
pressure will be above saturation pressure,’ and
steam will condense. The steam will contract to
about one-sixth (ll6) of its volume ‘when it
condenses to water; leaving more volume for the
remaining steam at a decreased density and
pressure. The condensation of the steam is aided
by spraying in relatrvely cold water from an RCS
cold leg. !

It is 1mportant to note that the pressunzer
acts as a surge volume for the RCS for tran51ents
and changes in ‘steady state power. * - The
pressurizer is designed to maintain a relatively
constant pressure during all conditions using
heaters and/or sprays. :

2.1.53  Pressurizer Heaters
The pressunzer heaters function o mmally

form the steam bubble in the pressunzer increase
pressurizer pressure to- normal operatmg pressure

,(2250 psia), and maintain  normal operating
‘préssure. Each ‘of the 120 pressurizer heaters is an

immersion type heater rated at 480 Vac’ and 12.5
kW The heaters are approxrmately seven (7) feet
long and are vertlcally mounted throigh sleeves

" welded in the bottom head of the pressurlzer

The heaters are separated into two (2)
groups for control purposes The first-group is
called the proportional group and is installed to
compensate for pressurizer heat losses to ambient.
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This group has 24 heaters that are divided into
two (2) 150 kW banks. These heaters are called
proportional heaters because their power input is
proportional to the deviation of pressurizer
pressure from its normal value of 2250 psia. The
heaters will receive maximum power at a pressure
of 2225 psia and minimum power at 2275 psia.

The backup heaters are the second group of
heaters. The 96 backup heaters are divided into
four (4) banks of 24 heaters (300 kW per bank).
All backup banks are bistable controlled with an
on point of 2200 psia and an off point of 2225
psia.

All pressurizer heaters are interlocked with
low pressurizer level to prevent damage caused by
uncovering the heaters. To assure sufficient
pressurizer control for natural circulation flow
following a loss of off-site power, the heaters are
capable of being powered from the emergency
buses.
2.1.5.4  Pressurizer Surge Line

The pressurizer surge line allows the
pressurizer to exert its pressure onto the RCS and
also allows the pressurizer to serve as a surge
volume for the RCS. The surge line originates at
the top of the 11 hot leg and connects to the
bottom of the pressurizer through the use of a
thermal sleeve that minimizes temperature
induced stresses. A temperature element is
installed in the surge line to alert the operators to a
possible loss of spray bypass flow. The bypass
flow causes a continuous circulation from the
pressurizer to the RCS.
2.1.5.5  Pressurizer Spray
(Figure 2.1-7)

Pressurizer spray originates at the discharge
of 11A and/or 11B reactor coolant pumps and
functions to decrease pressurizer pressure by
condensing a portion of the steam bubble.

The spray valves are controlled by the pres-
surizer pressure control system (PPCS) and
provide a maximum spray line flow rate of 375
gpm. The valves are full open if pressure increases
to 2350 psia and close at a value of 2300 psia.
Figure 2.1-8 summarizes the various pressurizer
pressure setpoints. Since neither the spray valves
or their control system are safety grade, no credit
is taken for the termination of anticipated opera-
tional occurrences (AOOs) by the spray system in
safety analysis.

A spray bypass valve parallels each spray
valve and is used to maintain a continuous bypass
flow of one and a half (1.5) gpm through the
spray line. This bypass flow maintains the spray
lines and spray nozzle close to Tc values which
minimizes thermal transients on these components
when the spray valves are opened. In addition,
the bypass flow helps to maintain the pressurizer
and RCS boron concentration at equal values.
Maintaining the pressurizer concentration equal to
the RCS concentration prevents reactivity changes
during pressurizer outsurges. RTDs are installed
in each spray line to alert the plant operators to the
possibility of insufficient spray bypass flow.

In addition to the normal spray valves, the
pressurizer is equipped with an auxiliary spray
connection that supplies spray water from the
CVCS charging pumps. This source of spray
would be used during startup/shutdown operations
when the RCPs are not in service or to control
pressurizer pressure during natural circulation.
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2.1.5.6 Pressurizer Overpressure

Protection (Figure 2.1-7)

Control of pressurizer pressure provides

overpressure protection for the RCS during
normal operations. During transient operation,

four (4) pressure relief valves provide added

assurance of system overpressure protection. Two

" (2) of the valves_are regular sprmg-loaded self- |

actuated code safety valves and two (2) are power
operated relief valves (PORVs).

The two (2) PORVs are located in two (2)
parallel piping loops, connected on the inlet side
to the relief valve nozzles on top of the pressurizer
and on the outlet side to the piping to the quench
tank. Branching off each of the PORYV loops, and
in parallel with the PORVs, are the lines that
. contain the code safety valves. All four (4)
flowpaths merge into a common pipe that
discharges to the quench tank.

 The pressure relief system is designed such
that if an abnormal in'cjdent results in a high
pressure of 2400 psia, a reactor trip occurs. The
high pressure reactor trip signal opens both of the
PORVs. If the pressure continues to increase, one

code safety valve opens at 2500 psia and a sécond

code safety valve opens at 2565 psia. If, for some
reason, a reactor tnp did not occur at 2400 psia,
then the PORVs remain shut and the code safety
valves w111 provxde overpressure ‘protection for the
RCS.

Power Operated Relief Valves
The PORVs operate to reheve RCS pressure

at a setpoint below the setting of the code safety
valves. The PORVs have remotely operated

isolation valves to provide a positive shut-off
capability should a relief valve become inopera-
ble. The electrical power for both of the PORVs
and the isolation valves is capable of being
supplied from ‘an emergency power source 'to

‘ensure the ability to seal 'this possible RCS

leakage path.

The PORVs are solenoid ‘operated valves
with a relieving capacity of 153,000 Ibm/hr which
normally relieves pressure to the quench tank
when the high RCS pressure trip setpoint of 2400
psia is reached. This sefting may be lowered to
400 psia to protect the reactor vessel from
overpressurization during cold conditions less
than 330°F. This low value set is-called the
mmlmum pressunzanon temperature (MPT). The
PORV settings may be changed by use of two
handswitches located in the MCR. )

In the event of an abniormal transient which

causes a sustained increase in pressurizer pressure

at a rate exceeding the control Capacity of the
spray, a high pressure reactor trip will be reached
at 2400 psia. This signal trips- the reactor-and
opens the two PORVs which discharge steam to
the quench tank to lower the system pressure.

-

The PORVs have sufficiént capacity to:

1. Handle the maximum steam surge from a
continuous control element assembly with-
drawal incident starting from low power,
without letdown or pressurizer spray opera-
ble, or - : .

2. Handle the maximum steam surge from a
"loss of load incident at full power, with the
pressurizer spray operable and a reactor trip
on high pressure.

USNRC Technical Training Center

2.1-7

Rev 0702



Combustion Engineering Technology Cross Training Course

Reactor Coolant System

Code Safety Valves

The two pressurizer safety valves are in-
stalled to provide overpressure protection for
the RCS. The valves are self-actuating and have
setpoints of 2500 psia and 2565 psia. If RCS
pressure increases to the safety valve setpoint, the
safety valves will open and sequentially relieve
the overpressure to the quench tank. The safety
valves have capacities of 296,065 lbm/hr and
302,000 Ibm/hr respectively. This capacity
prevents RCS pressure from exceeding 110% of
design pressure (ASME requirement) during
AOQO:s.

The operational occurrence that determined
the relieving capacity of the safety valves is a
100% loss of load. The following conservatisms
were assumed for the analysis:

1. Loss of load without a reactor trip until the
first RPS trip setpoint (pressurizer pressure
high) is reached,

2. Initial reactor power is at rated thermal
power,

3. No credit was taken for steam dump and
bypass control system (SDBCS) actions,

4.  No credit was taken for the operation of the
PORYVs,

5. The valves reach maximum flow capacity at
103% of design setpoint or less (3%
accumulation),

6. The valves reseat at not less than 96% of the
setpoint pressure (4% blowdown) and

7. The valves start to relieve within 1% of
setpoint pressure (setpoint tolerance).

PORY and Code Safety Valve
Instrumentation

Two (2) different instruments located down-
stream of the respective relief valves are installed
to provide indication of an open or leaking valve.

The temperatures of the PORV and the code
safety valve combined discharge lines are moni-
tored by RTDs installed downstream of the
respective valves. There is one (1) RTD in each
of two (2) lines which monitors the combined
discharge of one (1) PORV and one (1) code
safety valve. An additional RTD is located in the
PORYV combined leakoff line. All three (3) RTDs
send signals to the plant computer for temperature
indication which can be displayed on a CRT in the
MCR.

Position indication ( required by NUREG-
0737, "Clarification of TMI Action Plan Require-
ments”) is provided by an acoustic monitor
system (Figure 2.1-9). The system determines if
any liquid or steam is flowing past the valves by
utilizing an accelerometer to detect vibrations
which are induced by flow in the relief valve
piping. The accelerometer transmits a signal to an
amplifier housed in the reactor regulating system
(RRS) cabinet. Indication of each valves position
is provided by a separate analog indicator on the
RRS cabinet and by a digital readout on a main
control board. A PORV/safety valve acoustic
monitor alarm is also provided when any
of the four (4) valve flow indications rises to a
predetermined value.
2.1.5.7  Quench Tank
(Figure 2.1-10)

The 217 ft® capacity quench tank receives
and condenses the steam discharged by the four
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“(4) pressurizer relief valves. The steam is
discharged beneath the water level i in the quench
tank preventing release of coolant activity and
energy to the containment building. The quench
tank is designed to prevent the discharge of the
PORVs or the code safety valves from being
discharged to the containment building.

) During normal operation, a volume of ap-
proximately 100 £ of water blanketed by a three
(3) psig nitrogen pressure is maintained in the
tank. This level (about 24 inches) is sufficient to
Jreduce the necessary tank volume and pressure
irequrrements and to accommodate the code safety
valve dlscharge from two consecutive events:
“loss of load from 10% power without a concur-
‘rent loss of load reactor trip followed by a
dlscharge caused by a continuous CEA with-
drawal accident that occurs as the plant is returned
to power After receiving the  discharge, the
quench tank pressure will be greater than the tank
relief valve sétpoint (35 psig) but less than the
quench tank rupture disc failure pressure (100
psig). The quench tank is not de51gned to receive
a continuous, uncontrolled safety valve dlscharge
Table 2.1-3 summarizes the quench tank design
data.

The quench tank sets above, and is drained
to the reactor coolant drain tank (RCDT). Other
connecttons mto the quench tank are a mtrogen
supply and a supply from the demmerallzed water
system. Nltrogen is supphed to the tank to
provide an inert atmosphere which precludes the
buildup of an explosxve hydrogen mixture. The
demineralized water supply helps to maintain the
proper tank inventory.
2.1.5.8  Pressurizer Level
Instrumentation

As shown on Figure 2.1-7, pressurizer level
is monitored by three '(3) level transmitters. Two
(2) of these transmitters are used by the pressur-
izer ‘level control -systém (PLCS)--‘and ‘are cali-

‘brated to be accuraté when the pressurizer is at

normal operating temperature (653°F). The third
level indicator is density compensated by pres-
surizer water space temperature to reflect pressur-
izer level at all’ pressunzer temperatures. This
indication is used to monitor “pressurizer level
during shutdowns and start-ups. Pressunzer level
1s not a safety-related parameter
2.1.5.9 Pressunzer Pressure
Instrumentatlon

The pressurizer pressiite instrumentation
consists of four (4) safety channels, two (2)
SCMM channels, two (2) control channels and
two (2) low range channels.

‘Four (4) pressurizer pressure detectors
supply signals to four (4) mdependent pressurizer
pressure safety channels. - The ‘four channels
provnde narrow range (1500 2500 psia) signals to
the RPS and thé ESFAS." These signals are used
by the RPS to develop the high pressure trip and
PORV actuation (2400 ‘psia), the high pressure
pretrip alarm (2350 psia), the TMLP trip (1875 to
2500 psia), the TMLP preftrip alarm and a CEDS
AWP signal. The ESFAS uses the input for the
lo-lo pressurizer pressure” safety : injection
actuation signal (SIAS) logic. The four (4)
channels also provide  signals ‘ to “individual
pressure indicators for each channel in the MCR.

Two (2) : pressurizer pressure detectors
provide wide range (0 - 4000 psia) signals to two
(2) independent SCMM channels which in turn
provide indication of subcooling margin and wide
range pressure in the MCR.
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Two (2) pressurizer pressure detectors
supply narrow range signals to two (2) indepen-
dent pressurizer pressure control channels. Each
pressure signal is used for control of the backup
heaters, the proportional heaters and the spray
valve. A pressurizer pressure high/low alarm
annunciated in the MCR is also supplied from the
control channels. Additionally, the RRS receives
a signal from the control channels , however, this
signal is not currently used at Calvert Cliffs.

The remaining two (2) pressurizer pressure
detectors supply low range (0-1600 psia) signals
for shutdown pressure indication, SIT isolation
valve automatic open (300 psia), SDC return
valve automatic closure (300 psia) and input to the
MPT logic circuitry.

2.1.5.10 Pressurizer Temperature
Instrumentation

A single RTD is installed in the steam space
of the pressurizer and provides control room
indication of pressurizer temperature. Tempera-
ture indication is used by the operator to monitor
pressurizer steam bubble formation as well as
heatup and cooldown rates. There are no controls
associated with pressurizer temperature.

2.1.6 RCS Operations
2.1.6.1 Plant Startup

For the purposes of this discussion, the
initial conditions of the RCS are as follows:

1. The reactor is shutdown with a shutdown
margin of 3% AK/K,
2. The shutdown cooling system is in service

for RCS temperature control,

3. The RCS is drained to some maintenance
level and

4. RCS temperature <200°F, and vented to
atmosphere.

With these conditions, the first step in the
startup is the filling and venting of the RCS. The
RCS can be filled from the CVCS through the
charging connections or from the RWT via the
SDC system.

During the fill process, the pressurizer
may begin to be heated using the pressurizer
heaters once pressurizer level is higher than
approximately 42% to save some time in the
bubble formation process. The RCS will continue
to be filled until the pressurizer is full and the vent
is shut. The pressurizer heatup will be terminated
when the pressurizer temperature reaches 300°F.
A drain path from the RCS is then established and
the pressurizer is drained to approximately 40%
level. During the drain down the bubble will
form, as indicated by a continuing decrease in
level without a consequent decrease in pressure.
Normal charging and letdown can then be estab-
lished and the pressurizer level control system can
then be placed in automatic control.

After pressurizer bubble formation is com-
pleted, pressure will be increased by continued
heat addition from the pressurizer heaters. When
the pressure exceeds the RCP net positive suction
head (NPSH) requirements, the RCPs can be
started. A pump is run in each loop for 3-5
minutes, and the RCS is vented. The pump run
ensures that the air in the top of the steam genera-
tor U-tubes is swept out.

After venting operations have been
completed, three (3) RCPs are placed in service
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and the heatup of the RCS is begun. Once the
RCPs are running, the SDC system is shutdown
and ahgned to its emergency lineup. RCS
“pressure is increased as RCS temperature
increases. Durmg the RCS heatup, letdown flow
will be increased to compensate for RCS
expansion and to maintain pressurizer level.

Before the RCS pressure goes above 300
psia, " the SIT outlét valves are opened. When
temperature exceeds S500°F, the fourth RCP is
started. The ‘final step involves placing the
pressurizer pressure controls in automatic at 2250
psia.

2.1.6.2 Plant Shutdown

" After the reactor is shutdown, a cooldown
and depressurxzatlon of the RCS is started. RCS
temperature is “reduced by stopping one RCP in
each loop and dumping steam from the steam
generators to the main'condenser. Makeup from
the CVCS compensates for RCS volume contrac-
tions durmg the cooldown. RCS pressure is
reduced by manual control of the pressurizer spray
valves. When temperature has been reduced to
less than 300°F and pressure is at or less than 260
psia, the SDC system is placed in service. The
remaining 'RCPs are ‘stopped. Further temperature
reduction is accomplished by the SDC system
while the auxiliary spray is used to lower
pressurizer pressure. These systems will be used
to achieve the desired pressurizer pressure and
RCS temperature.

2.1.7 RCS Low Temperature

To provide overpressure protection for the
reactor vessel during cold plant conditions (Tc
less than 330°F ), the rehef setting of the PORVs
is changed from a 2400 psia setting (normal

" compared with saturation values.

operating setting) to a setting of 400 psia. When

'T¢ -decreases to 330°F and the RCS ‘pressure is

less than 400 ' psia, MPT - enable/normal
handswitches are placed ‘in the enable position.
The handswitches are located in the MCR and
align the MPT logic circuitry to provide alarm and
control functions. The alarm functions advise the
operator when to enable or disable the MPT
prbtective functions. An additional alarm will
warn the operators when ‘the RCS pressure is
greater than or equal to 370 psia and RCS tem-
perature is less than 330°F or a bad quality exists
on either the temperature input or pressure inputs
to the circuit. The additional alarm will wamn
operators of improper 'pressurizer - heater opera-
tion, faulty charging and letdown operation,

improper HPSI pump operatron or plant computer
failure. . -
Saturation Monitors -
(Figure 2.1-11) - -

-

2.1.8

A typical saturation monitor consists of a
microprocessor with the steam tables burned into
4 read only memory (ROM). RCS temperatures
and pressures are supplied to the processor and are
If the RCS
temperature is within 30°F of saturation an alarm
is ‘generated. 'The -saturation calculation is con-
servative because the temperature inputs are high-
selected, while the pressure inputs are low
selected. The temperature inputs range from:0-

'700°F and a pressure range of 0-4000 psia is used.
© Saturation monitors are redundant -and powered
* from vital 'AC sources.

.RCS High Point Vents
(Figure 2.1-12)

2.1.9-

The transfer of heat from the core to the
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steam generators is necessary to prevent core
damage in a small break loss of coolant accident
because of the low values of emergency core
cooling flows. Since the RCPs are powered from
non-vital busses, forced circulation is not
guaranteed.  Therefore, natural circulation is
required for core cooling.

Since non-condensable gases from core
damage, SIT injection, and RWT injections could
block the natural circulation flowpath high point
vents have been added to the RCS design.

2.1.10 Reactor Vessel Level Indication
(Figure 2.1-13)

The Combustion Engineering reactor
vessel level indication system (RVLIS) consists of
heated junction thermocouples located at eleven
different axial positions between the reactor vessel
head and the bottom of the fuel assemblies. Two
(2) sensors are located in the upper head, three (3)
sensors are located in the upper guide structure,
and six (6) sensors are located in a fuel assembly.

The basic principle of RVLIS operation is
the detection of a AT between adjacent heated and
unheated thermocouples. Each of the eleven
sensors consists of a chromel-alumel thermocou-
ple located near a heater and another chromel-
alumel thermocouple positioned away from the
heater. As steam replaces liquid in the core, the
heat transfer from the heated thermocouple drops.
This creates a large AT between the heated and
unheated thermocouples. The large AT is used to
indicate a level change. Each of the heated
junction thermocouple sensors is shielded to avoid
overcooling due to direct water contact during two
phase fluid conditions. Vessel level indication is
supplied to the safety parameter display system
and a digital display in the control room.

2.1.11 PRA Insights

The PORVs are used to limit the primary
pressure on transients in order to prevent the
safety valves from lifting. The pressurizer PORVs
are also used to remove heat from the core by
once through core cooling if no other methods of
heat removal are available.

The failure of the PORVs are present in
several accident sequences which lead to core
damage (9% of the core damage frequency).
There are two general failure modes for the relief
valves.

First, the failure of the PORVs to close
when required leads to the need for recirculation
cooling of the reactor, and the subsequent failure
of the recirculation mode of the emergency core
cooling systems (ECCS) results in core damage.

Second, the failure of the PORVs to open
when required for once through reactor core
cooling. This failure of heat removal results in
core damage. Probable causes of a loss of the

PORYVs are:

1. Failure to open on demand,

2. Failure of the power supply to the
valves,

3. Failure of the block valve to close to

isolate a stuck open PORV or

4. Failure of a closed block valve to open
when feed and bleed core cooling is
necessary.

NUREG 1150 ("Severe Accident Risks:
An Assessment For Five U.S. Nuclear Power
Plants”) studies on importance measures have
shown that the PORVs are not a major contributor
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to risk achievement or risk reduction.
2.1.12 Summary

The RCS consists of the reactor vessel,
steam generators, reactor coolant pumps, and
interconnecting piping. The RCS is arranged in
two heat transport loops with each loop containing
one steam generator and two reactor coolant
pumps. The RCS has a design pressure of 2500
psia and a design temperature of 650°F and serves
as the second barrier to the escape of fission
products to the public.

Penetrations into the RCS include
thermowells for temperature indications, pressur-
izer surge and spray connections, CVCS letdown
and charging connections, shutdown cooling
suction, and emergency core cooling injection
connections.

The pressurizer functions to maintain the
RCS in a subcooled condition and to provide for
temperature induced volume changes. Pressurizer
pressure is controlled by the use of electrical
heaters to increase pressure and pressurizer spray
to decrease pressure. Overpressure protection for
the RCS is ensured by two (2) code safety valves
and two (2) PORVs located on the top of the
pressurizer.

RCS temperature along with pressurizer
pressure instrumentation is supplied to the RPS
for the generation of reactor trips. In addition,
low pressure is used to actuate emergency core
cooling. Separate RCS RTDs, pressurizer pressure
transmitters, and pressurizer level transmitters
supply signals to the RRS, PPCS, and the PLCS.
RCS flow is determined by measuring the
differential pressure across the Steam Generators.
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TABLE 2.1-1
RCS Design Parameters

Design thermal power, MW
Btu/hr
Design Pressure, psia
Design temperature (except pressurizer), °F
Number of loops )
Pipe size, ID/wall, in.
reactor outlet
reactor inlet
surge line, nominal
Coolant flow rate, Ibm/hr
velocity, hot leg, ft/s
velocity, cold leg, ft/s
Cold leg temperature, °F
Average temperature, °F
Hot leg temperature, °F
Normal operating pressure, psia

System water volume (w/o pressurizer), cu.ft.

Pressurizer water volume, cu.ft.

Pressurizer steam volume, cu.ft.

Hydrostatic test pressure of RCS components
at 100 °F (except RCP), psia

2700
9.213E6
2500
650

2

42 w/o clad
30 w/o clad
12 w/o clad
122E6

42

37

548

572.5
599.4

2250

9601

800

700

3125
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TABLE 2.1-2
Pressurizer Design Parameters
Design pressure, psia 2500
Design temperature, °F 700
Normal operating pressure, psia 2250
Normal operating temperature, °F 653
Internal free volume, cu.ft. 1500
Design water volume, cu.ft. 600 - 800
Design steam volume, cu.ft. 700 - 900
Installed heater capacity, kW 1500
Spray flow, maximum, gpm 375
Spray flow, continuous, gpm 1.5
Nozzles
Surge line, nominal, in. 12
Safety valves and PORVs, ID/in. 4
Spray, nominal, ijn. -4
Heaters, OD/in. 0.875
Instruments
Level, nominal, in. 1
Temperature, nominal, in. 1
Pressure, nominal, in. 1
Dimensions
Overall length, including skirt and spray nozzle, in. 441 3/8
Outside diameter, in. 106 Y2
Inside diameter, in. 95 9/16
Cladding thickness, minimum, in. 1/8
Dry weight, including heaters, 1bs. 206,000
Flooded weight, including heaters, Ibs. 302,200
USNRC Technical Training Center 2.1-15 Rev 0702
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Quench Tank Design Parameters

Design pressure, psig

Design temperature, °F

Normal operating pressure, psig
Internal volume, cu.ft.

Normal indicated water level, in.
Blanket gas

Manway (1 ea.), ID, in.

Nozzles

Pressurizer discharge, nominal, in.

Demineralized water, in.
Rupture disc, in.
Drain, in.
Temperature instrument, in.
Level instrument, in.
Vent, in.
Dimensions
Overall length, in.
Outside diameter, in.

TABLE 2.1-3

100

350

3

217

24
Nitrogen
16

10

2

18

2

1
172
1172

144 3/8
60
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2.2 REACTOR COOLANT PUMPS
Learning Objectives:

11. State}tlheptrrpos.es of the reactor coolant
pump (RCP).

2. Describe the flow paths through the RCP.

3. _Explain how the RCP seal minimizes leakage
, . of reactor coolant to the contamment building
atmosphere

- 4. State the safety-related functron of the RCP
. ‘motor ﬂywheel

5. State thevpmposes of the RCP motor anti-
reverse rotation mechanism.
IR S N .

5t ,;" - AR 1"9 (Rt - .

. 6. State the purpose of the RCP instrumentation.
2.2;1 . Reﬁctbr_C(;i)lajit Pump Purposes
:I'heypu_rposes ofit.he RCPs are:

1. To provrde the forced crrcu]atron of reactor
‘ coolant for the removal of core heat.

2. To provide energy to heat up the RCS from
ambrent temperature to greater than the
minimum temperature for cntlcahty prxor to

reactor startup.
222 ‘ Introd}lefibﬁ

The four (4) RCPs circulate reactor coolant
through the core at a rate of 122 x 10° lbm/hr.

This flow rate provides heat removal for the 2700
megawatt rating of the core. Each reactor coolant
pump is a vértical shaft, 'single suction,” single
stage centrifugal pump with a flow rate of 81,200
gpm (Table 2.2-2).
squirrel cage induction motor-powered from the

The pump is-driven by a

13.8 kV non-vital ac distribution system. All four
pumps must be running for critical operations.
Figure 2.2.1 illustrates the pump characteristics. -

22.3 Pump Construction
(Frgure 2. 2-2) o

The RCPs are vertical shaft, single-suction,
single-stage, ‘centrifugal ‘pumps’ which are manu-
factured by Byron Jackson,-a division of Borg
Warner. The main components of the’pump are
the pump case assembly, the pump cover and heat
exchanger assembly, - the’ driver mount, 5the
rotating element assembly ( shaft, impeller, -and
coupling) and the shaft seal assembly. ~.-.

The pump case assembly consists of - ‘the
pump case, the case wear ring, and various

" gasKets and fasténers. The pump case forms the
" volute of the :ptrrnp which is designed to convert
“ the velocity héad’ of the coolant discharged from
' the ' pump’ ifnpeller into pressure head potential.
: The casing wear ring'is‘an interface medium
- between ’ the " pump- impeller and’ the casing.

‘Because the wear ring metal is not as hard as the

metal from which the impeller.is made, the wear

" ring preferéntially ‘wears” during use, thereby

protecting the integrity of both the impeller and
the casing. -

The pump cover and heat exchanger assembly
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consists of a metal enclosure located above the
pump impeller and supports the components
above it (the heat exchanger and the hydrostatic
bearing ). The heat exchanger’s tubes are segre-
gated into two (2) banks which are piped in
parallel and arranged concentrically about the
pump shaft. The heat exchanger tubes consist of a
pipe of smaller diameter contained within a pipe
of a larger diameter so that reactor coolant, which
is at a high pressure, can flow through the inner
pipe and component cooling water (CCW), which
is at a lower pressure, can flow through the
annular region between the inner and outer pipes.

The hydrostatic bearing positions the pump
shaft in the horizontal direction and is self align-
ing. Bearing self alignment is achieved by
directing impeller discharge pressure against the
surface of the bearing journal balance plate which
moves the bearing journal in the horizontal
direction. The hydrostatic bearing is mechanical-
ly restrained in the vertical direction by attaching
it to the pump cover.

Metallic O-rings and studs provide a seal
between the pump casing and the casing cover. A
passage between the two (2) O-rings is connected
to piping which is routed to the containment
sump. If the inside O-ring fails, hot reactor
coolant will flow to a resistance temperature
detector (RTD) that is located in the drain path,
causing an increased output from the RTD,
resulting in an alarm in the control room. The
outside O-ring prevents leakage from the RCS in
this event.

The rotating element assembly consists of the
pump shaft with its bearing journal, the impeller,

the auxiliary impeller, the recirculating impeller,
the pump half coupling, the thrust disc, the motor
half coupling and the rotating pump seal package
components. The pump shaft is the principal
rotating element to which the other components
are attached. @ The pump shaft’s motion is
restrained in the horizontal direction by the
bearing journal, which is attached to the shaft
immediately above the pump auxiliary impeller.

The auxiliary impeller supplies pressure to
the self-aligning journal bearing and a small
amount of flow to the pump seals via the thermal
barrier. The pump half coupling, motor half
coupling, and thrust disc are located at the top of
the pump shaft. They connect the pump rotating
element assembly to the motor shaft.

When assembled for operation, the coupling
components of the rotating element assembly
transmit torque from the motor to the pump, and
transfer vertical thrust from the pump shaft to the
motor thrust bearing. The spacer, which connects
the motor half coupling to the pump half coupling,
can be removed to permit access to the shaft seal
without removal of the motor. The setting of the
adjusting cap and the thrust disc/spacer ring
determine the axial alignment of the rotating
components.

2.2.4 Reactor Coolant Pump Seal
Assembly (Figure 2.2-3)

The RCP seal assembly consists of a concen-
tric tube heat exchanger, a shaft mounted auxiliary
impeller, four (4) mechanical seals, and seal
pressure breakdown devices. The seal assembly
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functions to- minimize the leakage of reactor
coolant past the shaft and into the containment
building.’

- The mechanical seals are lubricated and
cooled by 1.0 gpm of controlled reactor coolant
bleed-off (CBO). Reactor coolant enters the seal
"area through the ‘region between the labyrinth
seal/thermal barrier and the shaft. In this process,
some of the thermal energy contained in -the
. reactpr coolant is removed by CCW supplied to
‘this region of the pump. The labyrinth seals
reduce the RCS working pressure, which was
increased by the ‘main and auxiliary impellers,
back to RCS pressure (2250) to minimize the
‘mechanical seal wear which would otherwise
occur if the 'seals were operated at a higher
N pressure

The seal paekége for the RCP consists of four -

(4) mechanical seals. Three (3) of these seals are
used to contain reactor coolant pressure while the
Fourth is used as a vapor seal. Each of the four (4)
seals js able to-withstand full system pressure.

" -Each mechanical seal consists of a shaft mounted

titanium carbide Totating face and a stationary
* graphite face. ’ ‘

Sprmgs on the rotating face keep the seal faces
aligned. * “Breakdown "orifices are installed in
piirallel ‘with the ﬁrst three (3) seals and are used
to ‘set the operatmg differential pressure (~700
p51d) of ‘each seal. Of the one (1) gallon per
minute _that leaves the
approxlmately 99% passes through the orifice

recirculation ‘' area,

“breakdown devices, -and the other 1% passes =~

between the seal faces for lubrication.

" containment sump.. As described above,

Figure 2.2-4 provides a simplified diagram of
the pump seals and breakdown devices. As
shown on the drawing, one (1) gpm of flow enters
the ‘1ower seal and breakdown device at RCS
pressiré (2250 psia): “The majority of flow passes
through the device to the middle seal area and the
remainder passes between the 'seal faces of the
lower seal. Water at a pressure of ~1500 psia
travels in ‘the samé manner through:the middle
seal. Finally, the inlet pressure to the upper seal is
~750 psia and the flow through this seal is
identical to the flow through the lower and middle

. seals. Most of the water that passes through the

seals is collected above the upper seal through the
CBO line and routed to the volume control tank
(VCT). Approximately three-tenths(.3) gallons

"~ per hour will -pass between the :rotating and

stationary faces of the vapor seal and“into the
the
leakage up the shaft is forced to take a tortuous
path through the seal faces thus the quantity of
leakage is minimized. - - - - S e

The RCP seal assembly description provided

" above 'should bé considered to_be typical of a
*>Byron - Jackson pump installation. Competitive

forces 'in the market place have brought some
amount of choice to utilities seeking promises of
improved seal performance. The inspector should
determine the origin, construction and operational
features of "the seals used at their individual
-Jocations

-.2.2.5 Flow Paths Through'the RCP -

.
# - H

“There are four.(4) flow paths through each

- -RCP:

USNRC Technical Training Center

223

*Rev 0702



Combustion Engineering Technology Cross Training Course

Reactor Coolant Pumps

1. RCS flow to the reactor vessel through the
RCP impeller from the steam generator

2. RCS flow through the auxiliary impeller,
mounted on the back of the RCP impeller, to
the RCP journal bearing and along the shaft,
past the thermal barrier to the seal cavity,

3. Seal cavity recirculation flow generated by the
seal water recirculating impeller which flows
from the seal cavity to the inner pipe of the
integral heat exchanger tubes and is then
discharged to the seal pressure breakdown
devices and the seals themselves, and

4. The CCW flow, which is divided into two

streams: one of which cools the thermal
barrier and the second of which passes
through the annular region between the inside
and outside pipes that form the integral heat
exchanger tubes, thereby removing heat from

the seal area recirculation flow.

A portion of the seal cavity flow passes
through the pressure breakdown devices, by-
passing the seal faces, and is discharged as CBO
to either theVCT or the reactor coolant drain tank
(RCDT).

The seal area recirculating impeller delivers
approximately 40 gpm of water to the integral
heat exchanger. The recirculating water flow
passes upward in a parallel path through the inner
diameter integral heat exchanger tubes, which are
arranged in two concentric tube banks. CCW
flows in a downward direction through the
annular region between the inner and outer

diameter pipes which comprise the integral heat

exchanger tubes, thereby removing heat from the
recirculating water flow stream. The CCW from
the thermal barrier and integral heat exchanger are
combined at the heat exchanger’s discharge, and
the combined flow is returned to a CCW return
header.

The recirculating water flow, which leaves the
heat exchanger inside the tube bank, enters the
seal cavity between the cover and the middle
pressure breakdown device. The water flows
toward the recirculating impeller past the low
pressure breakdown device and is recirculated
into the inner heat exchanger tubes. The recircu-
lating water flow, which is cooled in the heat
exchanger outside tubes, is directed into the lower
pressure breakdown device where it is forced by
differential pressure through three (3) stages of
pressure breakdown and cools the three (3) upper
seals as it flows out of the CBO.

The quantity of water which passes through
the CBO discharge is approximately one (1) gpm.
CBO past the third seal, is ducted by a header to
the VCT. Leakage past the fourth seal, the vapor
seal, is directed to the containment sump. Less
than three-tenths (0.3) gallons per hour pass
through this last seal.

Water from CCW cools the RCP and pump
motor. CCW flow rate to each reactor coolant
pump is 200 gpm, of which 45 gpm is directed to
the seal area and 155 gpm is directed to the RCP
motor. Both the upper and lower oil reservoirs in
the pump motor have oil-to-water heat exchangers
which are also cooled by CCW. The seal area
cooling water is further subdivided into two (2)
streams:
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1. Seventeen gpm of CCW 'is ‘used to cool the

i therma] barrier area, the labyrmth passageway

through Wthh the one (1) gpm CBO enters
the seal cavity area and

2. Twenty-erght gpm of CCW is directed to the

o mtegral heat exchanger tubes through which

the approxrmately 40 gpm of recrrculanon
*_water passes. v

CCW enters the integral heat exchanger at the
top of the heat exchanger s inside and outside tube
banks and flows in a downward direction through
the annnlar region formed by the heat exchanger’s
double pipe tube arrangement.
water; contained in the inner pipe of the heat

Recirculating

exchanger tubing, gives up heat energy to the
cooler CCw. The mtegral heat exchanger is
,conﬁgured as a counter’ flow heat exchanger
arrangement and the recrrculatmg water flows in a
direction 0pposxte to that of the CCW. "The
; counter ﬂow conﬁguratron is more efficient than a
' parallel ﬂow arrangement which allows a smaller
" heat exchanger to be used. The counter’flow
arrangement also minimizes the temperature
differential between the recirculating water and
‘component cooling water at the heat exchanger
" inlet, thereby reducing thermal shock to the heat
exchanger components in this region.

| 226 " Reactor Coolant Pump Motor
(Frigure\2.2-5)

The RCP motor is a vertxcal solrd shaft three
phase, squxrrel cage “induction ac’ motor The
major components of the motor are the rotor,
two radial bearings, a thrust bearing,

i
+

stator,

flywheel, anti-reverse “rotation device, and the
motor air cooler.” - R

The induction rotor and stator are of conven-,
tional design with a rotational speed of 900 rpm
and are rated at 6000 horsepower. ~The motor is
cooled by a rotor attached fan'and the .motor air
cooler. - The fan is mounted at the bottom of the
rotor and-draws ‘containment building air across
the motor air cooler. “The air is discharged out the
top of the motor. "A' CCW flow of 155 gpm
cools the motor inlet air.

The motor radial bearings . maintain rotor
alignment and are oil lubricated by a self con-
tained oil reservoir and the rotational action of the

“bearing race.. The thrust bearing is a Kingsbury

double acting thrust-bearing and along with the
pump hydrostatic radial bearing supports the
weight of the motor/pump. In addition, the ‘thrust
bearing compensates for thrusts.caused by the
hydraulic forces when the pump is operating A
~high pressure oil lift pump forces orl under the
thrust shoes to reduce torque dunng start-up A
low pressure oil pump is used to lubncate the anti-
reverse rotation device dunng pump startmg
Both ‘pumps are stopped once the RCP reaches
rated speed. o

The RCPflywheel is installed on the motor
rotor and functions to increase purnor coast down
time. The increase in flow coast down 1mproves
the DNBR after, a complete loss of pumpmg
. -power event. Since this component is xnvolved in
reactor protection analysis, it is safety related and

. .subject to integrity mspectlons

The final motor component is the anti-reverse
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rotation device which serves two (2) purposes.
First, the anti-reverse rotation device minimizes
motor starting torque. If a start of the pump is
attempted when the pump is rotating in the reverse
direction, the pump must be decelerated to zero
speed and then accelerated in the correct direction
to normal speed. The current required to
decelerate and accelerate could cause damage to
the motor and associated electrical cabling.
Second, the anti-reverse rotation device minimizes

reverse flow through an idle pump.

2.2.7 RCP Instrumentation
(Figure 2.2.6)

The four (4) RCPs are equipped with instru-
mentation to detect and warn the operator of
impending failure or abnormal operating condi-
tions.

2.2.7.1 Pump Instrumentation

RCP instrumentation includes seal pressure
and temperature, CBO flow and temperature and

pump vibration indication.

The RCP seal system is monitored by three (3)
pressure detectors and one temperature detector.
The RCP shaft seal assembly consists of four (4)
mechanical seals. The three (3) full-pressure seals
are mounted in series and each has a pressure
detector that senses the pressure below the
respective seal. The lower seal pressure detector is
not indicated in the main control room (MCR)
since it should equal RCS pressure, however, a
signal is sent to the plant computer. The middle
and upper seal pressure detectors send signals to

individual pressure indicators in the MCR as well
The middle seal and
upper seal pressure detectors actuate respective
RCP seal
MCR.

as to the plant computer.

temperature / pressure alarms in the

These indications can be used by the operating
staff to determine seal failures. The following
table gives typical pressures for various seal

failures, assuming a normal RCS pressure of 2250

psia.
Table 2.2-1 Seal Pressures
Affected Seal  Lower Middie Upper
None 1500 750 VCT
Lower 2250 1125 VCT
Middle 1125 1125 VCT J
Upper 1125 VCT ver |

When any seal is lost, the differential pressure
across the remaining seals increases, and CBO
flow increases. An alarm set at 1.25 gpm (normal
flow = 1 gpm) will alert the operator to the
possibility of a seal failure. Due to the increased
flow, controlled bleed off temperature will also

increase.

While a controlled bleed off temperature may
be caused by a seal failure, loss of CCW to the
seal area heat exchanger will also cause an
increase in this temperature as well as the inlet
temperature to the seal area. The RCP seal area
temperature detector senses the outlet temperature
of the primary coolant from the lower seal. The
temperature detector provides indication and an
RCP seal temperature/pressure alarm in the MCR.

The CBO flow from the RCP seals is sent to
the VCT in the chemical and volume control
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system (CVCS) The flow leaving the pump seals
- 18 momtored by flow and temperature detectors.
The CBO ﬂow detector provides hlgh and low
flow alams in the MCR. A CBO flow
températufe detector provides a signal to the plant
~computer and actuates a high temperature alarm in
the MCR.

Each RCP has two proximity probe detectors
1nstalled in ‘the shaft’ coupling area to provide
eccentncrty and vrbratlon alarms to the MCR. -

-

2.2.7.2 Motor Instrumentation

RCP motor mstrumentatlon includes stator
lwmdng temperature, gurde bearing temperature,
011 reservorr Jevels, thrust’ bearing temperature,
motor vrbratxon, Jube oil cooler temperature and
' 011 lift system mstrumentatmn

Each RCP has six (6) stator winding temper-
ature detectors Dunng plant testing, the temper-
rature detector that consrstently has the hxghest
_temperature 1nd1cat10n is selected to provxde input
‘into the plant computer The sxgnal ‘from- this
‘temperature transmitter also actuates’ a high
temperature alarm in the MCR.

The upper and lower RCP 'motor guide
bearmgs each have one temperature detector.
Each detector supphes a signal to the 'plant
computer and also actuates a high ‘temperature
alarm in the MCR The RCP pump guide bearing
temperaturc is ‘not monitored by any instru-

" mentation.

The oil level in the upper and lower oil
reservoirs of each RCP motor are monitored by

two level detectors. Each detector sends a signal -
to the plant computer ‘and also actuates an oil
reservoir low alarm in the MCR.

The upward and downward ‘RCP motor thrust
bearings each have one :temperature detector.
Each detector supplies a signal to indication in the
MCR, the plant computer and_a\thrus)t bearing
high temperature alarm in the MCR. «

Each RCP has two vibration switches located
on top of the pump motor housing. Each switch
supplies an input' to.‘the "plant -computer - and
actuates a RCP vibration alarm in the MCR. The
alarm is common to both switches.

The RCP lube oil cooler has a temperature
detector on the cooler oil inlet and. outlet lines.
The temperature detectors -sense, the . lube. oil
temperature and send signals to the plant comput-
er. There are no alarms associated Av-vit_h these

‘instruments.

The RCP oil lift system has a local pressure
indicator and two.pressure switches installed on

‘thé oil lift pump discharge header.- One pressure

switch closes contacts_in the RCP breaker per-

" missive circuit to allow closing the breaker.. The
- other pressure switch actuates an oil lift pump low

pressure alarm in the MCR.
2.2.8 - Reactor Coolant Pump Circuitry
The oil lift pump (OLP) must be in operation

at the time of RCP startup and must remain in
operation for 30 seconds after RCP startup. The

_oil lift system uses a separate hydraulic piston
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pump to lubricate the thrust bearings and upper
guide bearings during RCP motor start up. While
the RCP is running, the thrust bearing thrust
runner acts as the oil pump. The OLP is
interlocked with the RCP bus breaker closing
circuit so that sufficient oil lift pressure must be
available prior to closing the breaker. A timing
relay in the RCP bus breaker control circuit
automatically secures the OLP after the RCP has
been running for 30 seconds.

A device called a synchronizing stick must be
inserted into a synchronizing jack at the RCP
control section of the main control boards to
complete the RCP circuit breaker closing circuit.
The synchronizing stick also connects the RCP
available power supplies to a synchroscope when
used at the electrical distribution control panel so
that the RCP bus can be deenergized, or a paral-
leling operation can be performed with the
alternate power supply. The synchronizing stick
is normally housed at the electrical distribution
control panel.

The last condition that must be satisfied within
the control circuitry to start a RCP is sufficient
CCW pressure to close a pressure switch contact
in the RCP bus breaker closing circuit. The CCW
interlock ensures that stator, lube oil and seal
cooling are available prior to starting the pump.

2.2.9 Reactor Coolant Pump Operations
2.2.9.1 Normal Operations

Prior to starting any RCP, a steam bubble is
formed in the pressurizer and RCS pressure is

increased to ~270 psia. This value of pressure will
satisfy the minimum recommended pressure for
proper seal operation (200 psia) and will ensure
that the net positive suction head (NPSH) of 266
psia for a flow rate of 120,000 gpm is satisfied
(This flow rate is above the value given in section
2.2.2. 120,000 gpm is the flow rate with only one
RCP operating). After pressurizing to the desired
pressure, a RCP in each loop is run for 3 to §
minutes, and the RCS is vented. When venting
operations are completed, three (3) of the RCPs
are started, and the frictional energy added by the
pump impeller (3.3 Mwt/RCP) heats up the RCS.

Because the coolant is very dense when the
pumps are first placed in service, each pump will
initially require approximately 6000 horsepower.
As the coolant temperature increases, pump power
requirements decrease to 4500 horsepower at
operating temperatures. When coolant temperature
increases above 500°F, the fourth pump is placed
in service. The 500°F administrative limit is
imposed to prevent a high flow rate of dense
coolant from lifting fuel assemblies. If the fuel
assemblies are lifted, fretting of the fuel element
cladding by an adjacent assembly could cause fuel
pin clad failure. Above 500°F, the density of the
coolant has decreased to a point where full RCS
flow will not lift the fuel assemblies.

During power operations, all RCPs are
required to be in service providing forced circula-
tion of the reactor coolant. If a RCP trips at power
levels greater than 10* %, a reactor trip will
occur on low RCS flow. At power levels of less
than 10™ %, the low RCS flow reactor trip may
be bypassed.
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When the plant is to be shutdown and cooled
down, a RCP in each loop is stopped after the
reactor is shutdown. This minimizes the heat input
into the RCS.

2.2.9.2 Loss of Flow Events

Various loss of coolant flow accidents were
analyzed by CE, and the case of the single pump
shaft seizure provides the most potential for core
damage. While it is definitely possible for a four
(4) pump loss of flow incident (due to loss of off
site power), it is not considered credible for more
than one (1) pump to suffer shaft seizure simulta-
neously.

With a pump shaft seizure, reactor coolant
flow rate drops by nearly 23% within two 2)
seconds after initiation. Calculations for this
accident indicate that a minimum DNBR of 0.5
will be reached two (2) seconds after shaft seizure.
However, conservative estimates indicate that
less than two (2) percent of the fuel will actually
experience DNBR.

The four (4) pump (loss of off site power) loss
of reactor coolant flow accident is actually less
severe than the pump seizure because of the
availability of the reactor coolant pump motor
flywheels to provide coast down flow. By
comparison with the pump seizure case, the flow
rate for a four (4) pump loss of flow is still
greater than 88% of full flow at five (5) seconds
after the start of the incident. The minimum
DNBR calculated is 1.3 and it occurs just less
then three (3) seconds after the start of the

incident.

2.2.10 PRA Insights

From a risk standpoint, the RCP seal package
is a major contributor. A failure of the seal
package may lead to a small break loss of coolant
accident which is one of the significant accident
sequences listed in the Calvert Cliff’s PRA.

Seals fail for many reasons, however, the seal
failure probability is increased if CCW is lost.
to NUREG/CR 4948 "Technical
Findings Related to Generic Issue 23: Reactor

According
Coolant Pump Seal Failure”, when full credit is
given for the fourth (vapor seal) stage a negligible
core damage frequency is obtained.

2.2.11 Summary

The
centrifugal pump that provides forced circulation

RCP is a motor driven single stage

of reactor coolant. Four (4) pumps, two (2) per
loop, are installed in the RCS. Reactor coolant
from the steam generators enters the bottom of the
pump through the pump suction piping and is
pumped to the reactor vessel by the centrifugal
force of the impeller. The leakage of coolant
along the shaft of the pump is minimized by a seal
assembly consisting of three series mechanical
seals and a vapor seal.

13.8 kV
The
motor contains a flywheel that functions to

The RCP motor is a squirrel cage
motor, powered from non-vital ac buses.

increase flow coast down time and an anti-reverse
rotation device that minimizes reverse flow
through an idle pump and thereby reduces motor
starting current.
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TABLE 2.2-2

Reactor Coolant Pump Design Data

Number
Type

Shaft seals, type, number
Materials
Stationary face
Rotating face body
Rotating face ring

Design pressure, psia

Design temperature, °F

Normal operating pressure, psia

Normal operating temperature, °F

Design flow, gpm

Total dynamic head, ft.

Maximum flow (one pump operation), gpm

Dry weight, Ib.

Flooded weight, Ib.

Reactor coolant volume, ft’

Motor
Voltage, Vac
Frequency, hz./phase
Horsepower/speed, hot, hp/rpm
Horsepower/speed, cold, hp/rpm
Service factor

4

Vertical, limited
leakage, centrifugal
Mechanical 4

Carbon CCP-72
ASTM-A-351 Gr. CF8
Titanium carbide,
kenna-metal K 162-B
2500

650

2250

548

81,200

243

120,000

141,000

148,000

112

13,800

60/3

4500/900 (nominal)
6000/900 (nominal)
1.15
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23 STEAM GENERATORS )

';Learningbbjectives:

V

. 5 ’ Lxst the ‘steam

1. State the purposes of the steam generators.

2 Descnbe the primary and secondary’ flow

- paths through the steam generators

3 Explam how dry saturated steam is produced
by the steam generators.

4. List the steam generator instrumentation

‘mputs "into the ‘reactor protection system
(RPS) and the engmeered safety features
‘(ESF) systems :
generator  instrumentation
puts into - the feedwater control system

(FW CS)

2.3.1 Introduction v

PRIV N

3o

” The purposes of the steam generators are:

1 To produce dry “saturated steam for the
) turbxne-generator and its auxiliary systems

2. To act as“a heat sink for the ‘RCS' dunng

) normal abnormal, and emergency condmons

3. To provide a barrier between the radioactive
RCS and
system.

the non-radioactive secondary

:2.3.2 Steam Generator Description

i

~Two (2) identical- steam generators are
installed in' the nuclear steam supply _system.
Each steam generator is a vertical shell and U-
tube heat exchanger and is the heat transfer

“interface between the 'RCS and the secondary

system. The steam generator vessel is provided
with connections to the main feedwater system,
the auxiliary- feedwater -system, the main’ steam

" system, 'the steam generator blowdown system,
"“and steam generator-instrumentation. Access to

the steam generator internals-is provided by two
(2) primary and two (2) secondary manways and
through two (2) secondary handholes. Each steam
generator is supported by a support skirt that is

"attached to the bottom of the generator. - -

P E

The primary (RCS) side of the steam genera-
tor (Figure 2.3-1) is bounded by the primary head,

* the bottom of the tube sheet, and the inside of the

U-tubes. The primary.head is an-integral part of

* the steamn generator pressure vessel and is divided

into an inlet and outlet plenum by a vertical

divider plate. The divider plate separates the

. .reactor coolant inlet (Th) from the reactor coolant
. outlet (Tc),~ and 'directs - the . flow of coolant
“through ‘the U-tubes.. The :steam generator U-

tubes (collectively referred to as the tube bundle)
provide the primary to secondary heat transfer
surface. These tubes are welded to and supported
by the tube sheet. The tube sheet is supported by

.- the tube sheet support cylinder.

The secondary, side of the steam generator
contains feedwater, recirculating water (the water
drainage from -the steam -separators and steam

dryers), and steam. The  boundaries for the

USNRC Technical Training Center
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secondary side consist of the upper and lower
shell, the top head, the top of the tube sheet, and
the outside of the U-tubes. The top head and shell
comprise the remainder of the steam generator

pressure vessel.

The internal structure of the steam generator
secondary side consists of four distinct regions:

1. The downcomer region is the circular area
between the tube wrapper and the outer shell
of the steam generator from the secondary
support plate to the secondary (top) face of the
tube sheet. ;

2. The evaporator region’is the area inside of the
tube wrapper extending from the secondary
face of the tube sheet to the top of the tube
bundle. )

3. The riser section is the transition area from the
evaporator to the steam drum. This area
extends from the top of the tube bundle to the
bottom of the separator support plate.

4. The steam drum is the area inside the upper
shell and top head extending from the bottom
of the steam separator support- plate to the
main steam outlet nozzle.

2.3.3 Steam Generator Flow Paths

There are two distinct steam generator flow
paths, one for the flow of reactor coolant and the
other for the flow of secondary fluids.

The hot reactor coolant from the reactor outlet
enters each steam generator through the inlet

nozzle into the inlet plenum of the primary head.
The divider plate separates the coolant inlet and
outlet such that reactor coolant is directed from
the inlet plenum into one end of the vertical U-
tubes. . As the reactor coolant passes through the
tubes, heat is transferred from the coolant, through
the tube wa!ls, to the secondary side' water. The
reactor coolant discharges from the U-tubes into
the outlet plenum, and exits the steam generator
via two (2) outlet nozzles. The coolant is returned
to the reactor vessel by the reactor coolant pumps
(RCPs).

During normal operations, feedwater “enters
the steam generator through the main feedwater
nozzle located in the upper portion “of the
downcomer section. The feedwater flows into the
downcomer via the main feed ring. The main feed
ring is an annular shaped, horizontal pipe with J-
tube extensions. As feedwater dischargeé from
the feed ring, it mixes with and is preheated by the
recirculating water from the steam drum. . These
two sources of water flow downward through the
downcomer region, over the tube sheet, and
vertically upward into the evaporator region (tube
bundle). As the water rises through the tube
bundle, heat is transferred from the RCS to the
sccondai'y side water. The heat transfer increases
the temperature of the water to saturation, adds
the latent heat of vaporization, and produces a
steam-water mixture with a quality of 30% that
flows from the evaporator to the steam drum via
the riser section.

The moisture laden steam undergoes a steam
water separation process as it passes through the
steam separators and dryers in the steam drum.
The separators direct the wet steam in a helical
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- motion, causing the more densé satirated liquid to
separate from the less ‘dense steam. The water
separated from the steam by the steam separators
drains onto the separator support plate, and the
vapor continues to rise into the ‘steam dryers.
These corrugated plates change the direction of

" the steam flow several times and removes the
‘remaining moisture.. The water from the dryers

. collects on the drain ‘plates, flows down the drain
piping to the separator support plate, and mixes

- with the hot water ..drainage from the steam

" separators. The combined steam separator and
‘steam dryer water (recirculating water) returns to
.the downcomer annulus to mix with the incoming
feedwater. .. ‘The high-:quality (99.8%) steam

" leaving the steam dryers rises into the upper dome
‘of the steam drum, flows around the deflector
_ plate, and exits the steam generator via'the main

* steamnozzle. . . )

The flow path of auxiliary feedwater through
the secondary side of the steam generator is

" jdentical -to the main -feedwater flow: path.

* Theonly difference 'is that auxiliary feedwater

-, enters ‘the feedwater line downstream of the

~'feedwater isolation valves. -

- 2.3.4 Detailed Description -

7 2.3.4.1 General Information

" The steam generator is a vertical, pressurized-
water type, Class "A vessel, designed -and

fabricated - in accordance with the: American -

Society of Mechanical Engineers (ASME) Code,
Section III. The vessel ‘is-constructed of carbon
- steel and is an integral unit consisting. of four

shell, and the top head. The steam generator has a
dry weight of 1,004,000 pounds and is 749 inches
- high. The upper shell has an outside diameter of
. 230 3/4 inches, and the lower shell has an outside
diameter of 165 inches.

N A e
LRERY

.
Tt - &

" . ..Reactor coolant enters each steam generator at
a flow rate of 61 x 10° Ibm/hr, a temperature of
599.4°F, and a pressure of 2250 psia. Heat is

- transferred to the secondary of the steam generator
at a rate of 4.386 x10° Btwhr and -the reactor

- coolant exits the steam generator with a tempera-

. ture of 544.5°F. A The pressure drop-across the

- steam generator is 32.08 psi.

2342PrimarySide. .. - .«

" The primary side of the steam generator .is-an
integral part of the RCS: Boundaries for,this side
consist of the lower hemispherical (primary) head,
the tube sheet, and the U-tubes.

There are several penetrations intolthe primary
head. One (1) 42-inch diameter inlet nozzle and
two (2) 30-inch diameter outlet nozzles provide

. connections to the RCS hot and cold leg piping,
respectively.- All reactor coolant nozzles are clad

. with stainless steel for corrosion protection and

- .have carbon steel junctions to provide a means of
-.welding to the RCS piping. The inlet and outlet
~.flows -are ,separated by a stainless steel divider

«-plate.- - . . - L -

-
N

-In addition to_the inlet and out}éi nozzles,
: penetrations are made into the lower head for RCS

~-flow - instrumentation and the two (2)..primary
- manways. " Four (4) instrument nozzles penetrate

_séctions: the primary head, lower shell, upper - the outlet side of the primary head and provide the
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low pressure input to the RCS flow differential
Two (2) 16-inch diameter
primary manways are provided in the primary

pressure detectors.

head for inspection and maintenance. The
manways are closed externally (with 20 studs and
nuts) by a manway cover sealed with a stainless
steel gasket retainer plate and a spiral wound
gasket.

The tube sheet is welded to the primary head
and the lower shell along its circumference and is
reinforced by the forged tube "sheet support
cylindér between the center of the tube sheet and
the primary head. The tube sheet is a flat disc
forging 21 1/2 inches thick and clad with Ni-Cr-
Fe alloy (Inconel) on the reactor coolant side.

The tube sheet separates reactor coolant from
the secondary side, and contains penetrations for
the steam generator U-tubes.

The 8,519, vertical, 3/4 inch O.D., U-tubes
have an average wall thickness of 0.048 inches
and are constructed of inconel. Since these tubes
form the primary to secondary boundary, Inconel
is chosen for increased tube integrity. Inconel has
a high resistance to general corrosion and is not
susceptible to chloride stress corrosion. The tubes
are explosively expanded into the tube sheet and
are welded to the tube sheet top to prevent bypass
flow of RCS fluid into the secondary side. The
tubes are supported against lateral vibrations by
steel egg crates (Figure 2.3-2) at intervals of three
(3) feet or less along their entire length. The egg
crate’ design minimizes’ crevices and' low flow
areas that would allow the concentration of solid
impurities in the steam generator. The top of the
tube bundle is supported by a bat wing support

assembly (Figures 2.3-3 and 2.3-4) that is
designed resistance

encountered by the steam/water mixture.

to minimize the flow

2.3.4.3 Secondary Side

The secondary side of the steam generator is
bounded by the upper and lower shell, the top
head, and the secondary side of the tube sheet and
the U-tubes. Secondary side connections are
provided in the shell for main feedwater, auxiliary
feedwater, surface and bottom blowdown, and
A connection
for main steam is provided at the top of the steam

steam generator instrumentation.

drum. Access to the steam generator steam drum
is provided by two (2) 16 inch diameter gasketed
manways. = Each manway cover seats internally
and swings into the steam drum on a hinged rod.
The lower shell is provided with two (2) six (6)
inch diameter gasketed handholes for inspection
of the tube bundle.

During normal operations, the secondary side
flow path receives preheated, chemically treated
feedwater from the main feedwater system. The
feedwater enters the steam generator through the
18 inch diameter main feedwater nozzle located
on the upper shell at the top of the downcomer
section ( Figure 2.3-1). At full power, feedwater
enters the generator with a temperature of 432°F.
After entering the steam generator, the feedwater
is distributed evenly around the periphery of the
downcomer through the main feed ring. The main
feed ring is a donut-shaped (torus shaped),12 inch
diameter steel pipe that encircles all but three (3)
feet of the downcomer annulus. The break in the
piping is provided for maintenance access. Each
end of the feed ring is capped. To prevent the
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quxck drarnage of the feed nng after a loss of
feedwater ﬂow and the subsequent possrbrhty of

-

the upper portron ‘of the feed rmg, prov1de the
discharge path from the feed nng Feedwater
flows out the J-tubes and falls downward into the
downcomer region. o I

Supply from the auxrlrary feedwater system
enters the steam’ generator through the ' main
feedwater nozzle After entering the steam
generator ‘the auxiliary feedwater is dxstnbuted

through the main feed ring.”

The feedwater discharging from the feed ring
rmxes with, and is preheated by, the hot drainage
(recrrculatmg “water) from ‘the steam drom. The
secondary side watér in the downcomer region

travels downward over the inside wall of the

steam generator vessel shell and over the outside

wall of the tube wrapper "The tube wrapper is a
steel cylmder that fully encloses the tube bundle,
separating the downcomer and evaporator regions.

At the bottom of the downcomer region, the
secondary side water ﬂows inward over the
secondary face of the tube ‘sheet and upward
around the U-tubes.
surface of the tubes in the tube bundle (evaporator

As the water rises over the

regron) the heat transfer from the RCS inéreases
the temperature of the water to * saturation
temperature and adds the latent heat of
vaponzatron The steam/water mixture that is
formed contmues to rise from’the evaporator to
R TR

- v
IR

the steam drum vra the riser.
During full power“'operatioris,” the " saturated
water to wet steam interface exists in the riser

‘tortuous :path . for ~steam flow. -

section at a locanon -approximately ‘two (2) feet
below the steam -separator ~support plate, The
moisture-laden steam rising from the -normal
steam generator water level enters the steam drum
where ‘it undergoes ~a” steam/water separation
process, The larée moisture content of the steam
is' removed by 166 steam - separators and 126
steam dryers. The moisture separating equipment.
precludes moisture * carryover and - excessive >
condensation in the main .steam piping, and.

resultant damage to the turbine. T

The wet steam begins the steam/water separa-.
tion process by first entering the steam separators
through the bottom of the steam separator support
plate. - The .steam separators -(Figure 2.3-6), are
perforated cylinders equipped with vanes in their
lower section. - As the .wet steam enters- the
separators, ‘the -vanes- force . the steam/water
mixture into a circular motion. - The_ circular
motion of.the steam/water mixture separates.the
steam from the water by forcing the denser water
to the walls of the cylinder. The water collects on
the walls of the cylinder and drains through the
holes in the separator to a sump in the center of
the steam ‘separator support plate, The hot water
then flows from the separator support plate sump
to the downcomer via' the recirculating -water
sump drain tube.” The bulk of the moisture in the

steam is removed by the steam separators.

- The - separated . steam -exits the. separator

through the top center hole and-ﬂows upward to

the steam dryers. The steam dryers (Figure 2.3-7)

.are corrugated metal baffle plates which provide a

The moisture

o

impinges on the baffle sides and drops to the drain

plate just below the dryers. This hot drainage
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flows down 32 steam dryer drains to the separator
support plate and mixes with the water from the
steam separators.

The 99.8% quality steam rises into the upper
dome of the steam drum and flows around the
steam deflector into the 34 inch ID main steam
outlet nozzle. At full power, the saturated steam
exits the steam generator at a rate of 5.635 X 10°
Ibm/hr, a pressure of 850 psia and a temperature
of 525.2°F.

2.3.4.4 Steam Generator Design
Transients

The design of each steam generator is based
on consideration of ‘the heat exchange capacity,
temperatures and volumetric flow- rates of the
reactor coolant and feedwater, and the allowable
pressures in each flow path. Data on limiting
values and design criteria are derived from
operating experience and laboratory investiga-
tions.

Each steam generator is designed to withstand the
following reactor plant cyclic transients:

1.© 500 heatup and cooldown cycles during the 40
year deéign life at rates of 100°F/hr between
70°F and 532°F.

2. 15,000 power change cycles over the range of
15% to 100% of full load with a ramp load
change of 5%/minute.

3. 2,000 cycles of 10% full load step changes
increasing from 10% to 90% of full power and
decreasing from 100% to 20% of full load.

4. Ten (10) cycles of hydrostatic tesﬁﬁg of the
RCS at 3125 psia and a temperature of at least
60°F above the nil ductility transition temper-
ature (NDTT) of the component having the
highest NDTT.

5. 320cycles of leak testing at 2500 p51a andata
temperature at least 60°F above the nil
ductility transition temperature (NDTT) of the
component having the highest NDTT.

6. 106 cycles of normal variations of 100 psi and
6°F at operating temperatures and pressures.

7. 400 reactor trips from 100%.

These design.cyclic transients include conser-
vative estimates of the steam generator oi:eratior{-
al requirements. The following abnormal
transients were also considered when arriving ata
satisfactory usage factor as defined in Section Il

of the ASME Boiler and Pressure Vessel Code:;

1. 40 cycles of loss of turbine load from 100%
power without a direct reactor trip.

2. 40 cycles of total loss of RCS flow at 100%
power.

3. Five (5) cycles of loss of secondary systém
pressure._

In addition to all of the cyclic transients listed
above, each steam generator is also desxgncd to
withstand the following conditions such that no
component is stressed beyond the allowable limit
as described in the ASME Code, Section III:
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1. 4,000 cycles of transient pressure differentials
of 85 psi across the primary head divider plate
due to starting and stopping of RCPs.

4

“2. Ten (10) cycles. of secondary hydrostatic
" . testing from zero (0) psia to 1250 psia. '

v )

. 3,320 cyc]es of sccondary side leak testing from -

Zero (0) ps1a to 1000 psna -

4. “5,000 cyc]es of adding 600 gpm of 70°F
- ! feedwater with the plant in hot standby. . -

- In addition to all of the normal design tran- -.

.. sients, an abnormal transient initiated by eight (8)
. cycles of adding a maximum of 650 gpm of 70 °F
. .feedwater with the steam generator dry and at
600°F was also considered at arriving at a satis-
factory usage factor for the steam generators.
o Cen T
-2.3.5 Operating Characteristics

~ 2.3.5.1 Heat Transfer -

The rate of heat transfer, Q, from the primary -

side to the secondary side is determined by: -
1.
“5. average reactor coolant temperature (Tavg)

“The temperature differential -between -the

and the saturation temperature (Tsat) of the

steam generator.

2. The heat transfer surface area (A) of the U-
tubes; and

3.  The overall -heat -transfer coefficient (U),

' * the convection film “coefficient of the tube's
* inner and outer surfaces.
T p;

The mathematical 'relationship- representing
“~the heat transfer-from "the -primary- side - tothe
secondary side of the steam generator is:

o2 0 »Q=UA(Tavg - Tsat) = . .. 7.7
: As can be seen from this equation, the rate of
heat transfer is directly proportional to the differ-
ential temperature, the heat transfer surface area,
+ and the heat.transfer coefficient. .The later two
variables are constants for all practical purposes.
- *As . steam -flow .from -the 'steam generators “is
¢ increased, the heat removal:'from -the steam
s generators is increased. - The <increased heat
removal rate’ results in a larger differential tem-
" perature and a lower Tsat. - When steam tempera-
ture is “ decreased, steam. pressure drops-and
" turbine efficiency is adversely affected. There-
fore, as power is increased, Tavg "is ramped from
- 532°F .to 572.5°F to minimize the decrease in
Figure +2.3-8 | plots :RCS
temperatures and 'steam generator pressure versus

steam pressure..

- power. R
2.3.5.2 Shrink and Swell

RO A -

PP EEPO - -

¢~ -During power operations, the water level in
. ;the steam generators varies during periods of
- “transient ‘operation. These phenomena are known
¢ .as' shrink and ‘swell and occur -when -the pres-
~.:sure/temperature - equilibrium, "« which - normally
. “exists between the vapor.and liquid in the steam
=.generators ' during -;steady | state .operations, - is

. which is dependent ‘upon-the nature.of the : perturbed. .- - - Bl :
tube's material, the material's geometry, and - : )
. USNRC Technical Training Center - 2377 Rev 0102
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Before swell can be discussed, it should be
noted that there are two sources of water to the
steam generator’s downcomer region. One source
is from .the main feedwater system, the other
source is the internally recirculating water from
the steam separators and the steam dryers. An
adequate flow of secondary water (feedwater
combined with recirculating ' water)and of the
steam/water mixture is required for satisfactory
steam generation and for the preheating of

feedwater.

The necessary flow is produced by the density
difference between the secondary water in the
.downcomer and the steam/water mixture in the
evaporator. The secondary water entering the
downcomer is comparatively cool and dense,
causing a downward pressure under the force of
gravity. As this secondary water passes over the
tubes, it is heated and forms a steam/water
mixture. In forming this mixture, the density of
the fluid is decreased. Since the heated water
weighs less, the force (pressure) imbalance
(between the fluids in the downcomer and the
evaporator) results in a natural circulation flow of
water in the secondary side of the steam generator

from the downcomer into the evaporator section.

The term swell refers to the increase in steam
generator level which is experienced when there is
an‘increase in steam flow caused by the opening
of the turbine control valves or the steam dump
and bypass valves. When the increase in steam
‘flow exceeds the steam generator’s ability to
supply the steam at the required rate and results in
a decrease in steam generator pressure. With this
steam generator pressure decrease, the steam
bubbles within the evaporator section grow larger

in size, and more hot water flashes to steam.
Also, as the saturation -pressure of the steam
generator decreases, the saturation temperature
decreases causing a greater temperature
differential from the primary to the secondary side
Increased heat transfer

from the RCS to the secondary water creates

of the steam generator.

additional steam bubbles to accommodate the load
increase. Overall, the volumetric expansion of the
steam/water mixture in the evaporator/riser
section of the steam generator results in increased
resistance to flow across the evaporator and riser
sections. This results in a rise (swell) in the
downcomer region. Steam generator level is
measured in the downcomer region, and level
increases. The increased downcomer water level
will increase the-steam generator natural circula-

tion until a new equilibrium is established.

During decreases in steam flow rates, the
reverse phenomenon, known as shrink occurs.
Decreases in steam flow result in increases in
steam generator pressure. The steam bubbles in
the steamn generator collapse, and the volume of
the steam-water mixture in the evaporator/riser
regions decreases. This results in a decreased
resistance to flow across the U-tubes and a
subsequent decrease in steam generator
downcomer ]qvel. Again, level is measured in the
steamn generator and there is a decrease (shrink) in

steam generator level.
2.3.5.3 Recirculation Ratio

The quanity of water returned to the
downcomer annulus from the moisture separating
equipment is several times greater than the
quantity of incoming feedwater. The circulation
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of secondary water is 1mportant to steam genera—

tor operattons “for two reasons ‘

1 If cnculatxon lS madequate, the heat "transfer

surfaces tend to become blanketed with ‘steam
rather
steam/water mixture.
reduces the heat transfer of the steam

than contmuously wetted “ by " a
=" This significantly

generators.

2 Clrcu]atlon preheats the 'incoming - feedwater

thus reducmg the - temperature difference
between the relatlvely cold feedwater ‘and the
hot tube sheet and the U-tubes. Preheating the

- feedwater rmmtmzes the thermal stresses on

~_ these components and thus maintains ttherr

o 1ntegr1ty

An mdex ‘of ‘the amount of steam generator
internal rmxmg is provxded ‘by the ratio called the

‘ crrculatmn ratio (C) This ratio is defined as the

' amount of flow m the downcomer divided by the

v

amount of exrt steam flow:

1
«ts

- + -

* downcomer flow

C
exit steam flow ™ - °

“Because the water is continually returned

“through the internal recirculation flow path from

} the nioisture separating ‘equipment, the index.of
" internal rmxmg is also referred to as the recircula-

tion ratio (Cr) The récirculation ratio is defined

“ "as the amount of flow in the riser divided by the

n

exit steam flow: T
riser flow

Cr

exit steam flow

- . L. -

- Steam Generators

The c1rculauon ratio and recirculation ratio are .
both "an index to internal ‘mixing, and since the
riser flow is equivalent:to downcomer flow, they
are numerically equal. - ..
¢ - The balance reached between the force of the
weight difference of the downcomer water and the
riser.steam/water mixture,-and the friction (head
loss) that results from the water flow. (through the
tube bundle, ;

separators and dryers) determines the circulation

downcomer, riser, and steam
flow rate. As power increases, the circulation
flow rate, and consequently the recirculation ratio
is affected by two factors: - - ..

-~ i
v

1. The change in the rate of heat transfer, and _,

MG S . .
: . P e

2.- The change in steam generator pressure. .

As power increases, the rate of heat'transfer
increases .and more steam. is ‘prpduceduin ,the
evaporator section. “This causes the density and,
therefore, the weight of the stemwaterLMxture
in the riser section to decrease providing an
increased driving-head (density difference) for
circulation flow. However, resistance to this

increased flow increases at an even faster rate.
_This is because the head loss is dtrect]y propor-
_tional to the veloc1ty of the flow squared The
countering effect of the mcreased head loss causes
- the c1rcu1atton ﬂow rate.to qmckly ]evel off after

-an increase in reactor power.

The affect of the steam generator pressure
change from an increase in power on the cucula-
tion flow. rate 1s similar. When steam demand
increases, more steam is formed per unit time.

This decreases the.time of contact for the
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feedwater with the hot U-tubes and requires an
increased supply of cold feedwater. These factors
decrease the average temperature of the secondary
side.  Since the steam generator. produces

saturated steam, a decrease in the steam
temperature results in a ‘decrease in the steam
generator pressure. This pressure decrease has the
same affect as the density decrease caused by the
increase in heat transfer.

Together, the changes in steam generator
pressure and in heat transfer rate from an increase
in power effect the circulation flow rate. At low
power levels, increasing power causes an increase
in circulation flow rate, while at relatively high
power levels (50% or greater) the circulation flow
remains relatively constant due to the overriding
effect of the increased resistance to flow. Since
the steam flow rate increases for an increase in
power, and the circulation flow rate is relatively
constant at high power levels, the recirculation
ratio decreases from its maximum value of 33:1 at

5% to a low of 4:1 at 100% power.

2.3.6 Steam Generator Chemistry

Control

The water on the primary and secondary side
of the steam generator is chemically treated to
ensure equipment integrity. Improper chemistry
conirol will cause cracks and pits’ in steam
generator U-tubes, general surface corrosion,
moisture carryover, and fouling of heat transfer
surfaces. To maintain the intégrity of the steam
generator, RCS and secondary water chemistry
spéciﬁcéti’ons must be observed at all times.

The secondary chemistry specifications ensuré
that secondary chemistry is mainté.ined tilrbugh
the control of five factors: pH, oxygeri, chlorides,
conductivity, and solids. The importance of each
of these factors will be discussed in the follov'ving
sections. The specifications for these parameters
is listed in Table 2.3-1

2.3.6.1 pH Control

In water, iron and steel undergo corrosion by
an electrochemical process. In a depleted (;xygen
environment and at high temperatures, iron reacts
with water to form a protective film of magnetite
(Fe,O,4. This protective film protects the piping
from further corrosion. One of the variables that
influences the corrosion rate of iron and steel is
the pH of the water. A high concentration of H+
ions in acidic solutions prevents the formation of
Studies have
shown that the corrosion of steel and iron is

the protective magnetite film.

minimized (the. magnetite film is maintained) in
relatively high pH environments. pH is controlled
in the steam generators by the addition of
ammonium hydroxide to the condensate system.

2.3.6.2 Oxygen Control

The presence of oxygen in the steam generator
results in the formation of a non-protcctivé ferric
iron hydroxide. Once formed this corrosion
product converts to magnetite very sldwly, and the
development of a protective film is irfli)eded.
Oxygen control also minimizes pitting and
chloride stress corrosion. \
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- O'x:ygenyis controlled by the deagrating' feature
of the condenser and by the addmon of hydrazine
- to the condensate system If oxygen is mamtamed
at low levels m the condensate and feedwater
systems the oxygen “‘content “in the steam
generators wrll also be at a low level ‘An oxygen
Spec1ficat10n is not listed in' Table 2 3-1 because
there is a 10 ppb limit placed on condensate

system oxygen.

~

TABLE 231 SG CHEMIST RY LIMITS e
Parameter Value Umts A
o, - o295 N

iSpcciﬁé A B " mhos/cm
Conductivity - 3
Cation 038 mhos/cm
Conductivity -* -7 .0 oL
" Sodium' 20 (max) ppb
| Chiorides. .. 80max) . ppb .
Silica - 300(max) ~/ ppb
““Isuspendea” * 1000° ppb
“"lisolids** < v -

f

2. 3 6 3 Conductmty ‘and Chlondw - DT

L ”‘_:.: y

s ey

The elnmnanon of 1mpunt1es ‘such as ‘calcium,

) magnesium, and sodmm ions” in the' steam
generator secondary water is necessary to prevent
the formation of hard scale on the U-tubes. The
,:elnmnatron of sodmm also reduces stress and
_ pitting corrosnon Conducnvrty is measured to

rnomtor the concentranon of these 1ons The most

» t - = e

leakage.

* In-leakagé ‘-from -'the ‘condenser ~will -also -
itroduce" chloridés into the “steam generators. -
Concéntrations of chlorides ¢an' lead to chloride
stress corrosion and 'rapid U- tube plmng BRI

-

- 3

. s o -

I - . . - <
~ ! * e s P L S

o
- “Two methods are vernploy‘ed to"control impu--
rity ingress into the steam generators. “The first’
method the
demineralizers (ion ‘exchangers) ‘that “purify the

involves use of condensate
condensate system. The second method is steam
generator blowdown which is discussed in a later
section of this chapter. -~ © * - ST

Nt ' >

- N . * 1

2.3.6.4 Solids Control

- ~ -

© Although formation“of a soft: sludge in’ the
steam generators is preferable to ‘that of a hard
scale, the soft sludge (along with other dissolved
and suspended solids) will contribute to increased
in - heat " transfer
capabilities. Chlorides “will concentrate.'in" the

corrosion and ‘a .reduction

sludge deposits on the tube sheet, .tube support
plates, and exposed U-tube surfaces, and promote
'rapid tube’ pitting "and subsequent damage to the
Additionally, :deposits
surrounding ‘the "U-tubes will inhibit proper heat
transfer from the RCS. Soft sludge deposits in the
steam generator are controlled by steam generator

‘steam generator tubes.

blowdown and by-the filtration of impurities by

‘the condensate demineralizers: .

Ll .-
v 3 LR N EEDS .
[ e PR SR - !

~ Silica is'a deposit that is specifically measured
and- controlled because-it may enter the steaan
‘generator in thé form of-a soluble compound that
-is mot -efficiently. removed. by the condensate
- demineralizers. =~ .Silica - readily dissolves in
* alkaline water and will react with calcium and/or

' magnesium ions in the'water to form an extremely
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adherent scale. Silica is also soluble in steam,
with a rapidly increasing solubility above 500°F.
A high concentration of silica in the steam
generator can cause the transportation of this
impurity into the turbine. Subsequent deposition
of silica on the turbine blades results in a loss of
turbine efficiency.

2.3.7 Steam Generator Blowdown and
Recovery System

The steam generator blowdown and recovery
system provides the following functions:

1. Maintains steam generator water chemistry
limits by continuous removal of impurities
blowdown

through the steam _generator

connections.

2. Provides an indication of primary to secondary
leakage by sampling the blowdown for

radioactivity.

3. Minimizes the loss of secondary inventory by
purifying the steam generator blowdown and
returning it to the condenser hotwell.

The steam generator blowdown and recovery
system is connected to each steam generator at the
bottom and surface blowdown connections. The
two (2) inch diameter bottom blowdown nozzle is
internally connected to a blowdown ring mounted
on the tube sheet in the area of the domed head of

-the tube sheet support cylinder. The one (1) inch
diameter surface blowdown nozzle is internally
connected to a header that is located above the
main feed ring. Separate blowdown lines connect
to each nozzle and pass through the containment

wall where they join into a common line. A
pncumatiéa}ly ‘ ‘o‘i)erated containment isolation
valve is located in each surface and bottom
blowdown line just after it pénetrates the
containment wall. These isolation valves shut
automatically upo_n‘ generation of a high
radioactivity alarm by the Radiation Monitoring
System (RMS) '

The blowdown lines are connected just
downstream of the containment isolation valves
and the piping is routed to a 2,350 gallon"
A manual throttle valve is
located in the common line between the isolaiién
valves and the blowdown tank. The valve is
pbsitioncd to provide the desired steam generator

blowdown tank.

blowdown rate (normally 150 gpm).

During normal operations, blowdown flows
from both steam generator bottom blowdown
connections to the blowdown tank. This contin-
uous blowdown helps to maintain steam generator
chemistry and provides water for radioactivity
sampling. Primary to secondary leak gletectionf is
conducted continuously by the 'blowdo»\vn
radiatio_n detection flow path. This flow path
consists of a pump, a cooler, and a radiation
detector. A small portion of the blowdown tank's
contents (0.3 gpm) is routed through the cooler,
the radiation monitor, and is returned to the
blowdown tank by the pump.

The majority of the blowdown tank's contents
is retuned to the condenser. Blowdovirr'ﬂl‘:ténk
pressure provides the driving head for flow
through the system. During normal bperafions,
the flow from the tank is routed through coolers
that reduce the temperature to a value that is
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- blowdown- ‘passes through filters ‘and

i* jnstrumentation.
. safety-related signals to the reactor protection

.
5

: secondary protection and control systems.

.

compatible with jon exchanger peration (~120
°F). One of the coolers is cooled by the conden--
sate system, and the second cooler is cooled by
the service ‘'water system. From the coolers, the
don
exchangers that remove insoluble and ‘soluble
impurities respectively. The outlet of the ion
exchangers normally discharges to the condenser.
The outlet of the ion exchangers can also be
routed to the circulating water system or to the
miscellaneous waste system (MWS). The circu-
lating ~ water discharge would be used during
steam generator draining activities, and the MWS

: connection is automatically placed in service if a

high radiation level is sensed on the outlet of the

ion exchangers. =~ . o

2.3.8' Steam Generator Instrumentation
The operation of each steam generator is

monitored by secondary side water level, second-

“ “ary side steam pressure, and reactor coolant flow

“These instruments provide

- .system (RPS) and engineered safety features
:~(ESF) system, and inputs to non-safety. related

Each
of the instrumentation systems will be discussed
in subsequent paragraphs.

2.3.8.1 Steam Generator Level . - : .. «
. Ten *(10) <level transmitters ‘monitor -steam
generator secondary -side level. .Six (6) of these

' transmitters are narrow range, and four (4) of the

* transmitters are wide range.

* *USNRC Technical Training Center

The "narrow- range
level indication has a range of 183.16 inches and
is calibrated from 0 to 100% of this range.  The

rinput to the turbine trip system.

; also used to generate the turbine trip.

Steam Generators

.upper narroy range “level .tap is located in-the
steam“drum section, 614 5/16 :inches from the
base of the steam generator. The lower narrow
range level tap-is located in the downcomer
region, 431 5/32 inches from the steamn generator
base. The upper wide range level tap is located at
-the same elevation as the upper narrow range level
-taps, and the lower wide range level tap is*loc;atechl
-at the steam generator tube sheet. The wide range

‘level indication has a range of 486 inches. -

:  Four (4) of the narrow range level transmitters

-supply the RPS. - The RPS generates a low steam

. generator level (37%) trip to ensure that the steam
- generator's heat;sink availability is maintained.
- The RPS employs a two (2) out of four (4) logic

! system; therefore, ‘at.least two -(2) transmitters
_must sense_the low level condition. In addmon

. these narrow; range level transmitters provide an

. If the sieam

- generator level reaches a predetermined high level

.(92.5%), the turbine is tripped.: .
generator Jevels can lead to moisture carryover

High steam

into the main steam system which can lead to

~-turbine damage. Two (2) out of four (4) logic is

. _
1IN SN

The remammg two- (2) level transrmtters
-supply a signal- -for steam generator level control
.-During normal operations, steam .generator level
is controlled at .65% by the feedwater control
system. These transmitters are not safety reljated.

The four (4) wide range level transrmtters are
used to actuate the auxiliary feedwater system
(AFW) If two (2) out of the four ,(4) wide range
level transrmtters sense that leve] has dropped to
. a level of 40%, an automanc start srgnal W111 be

2313 T e
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sent to the AFW system. The AFW system is a
subset of the engineered safety features system.

2.3.8.2 Steam Generator Pressure

Four (4) safety related steam generator
pressure transmitters are installed on each steam
generator. The pressure transmitters are connect-
ed to the upper level transmitter connections. The
pressure transmitters supply signals to the ESF
and the RPS systems. The ESF system generates
a steam generator isolation signal (SGIS) if steam
generator pressure drops to 703 psia. The SGIS
signal will close the main’steam isolation valves,
the main feedwater isolation valves, and will trip
the main feedwater pumps, the condensate booster
pumps and the heater drain pumps. ‘The RPS will
generate a reactor trip at the same setpoint. The
purpose of the reactor trip is to protect the core
from a reactivity addition’ accident in the event of
a steam line break. Both the ESF and RPS use a
two (2) out of four (4) logic to generate actuation
signals.

The steam generator pressure signals are also
used in the asymmetrical steam generator transient
circuit.  This circuit compares each steam
génerator pressure and’ provides a signal to the
thermal margin low pressure (TMLP) RPS trip
circuitry. The purpose of this circuit is to prevent
large radial flux distributions in the event that a

main steam isolation valve is closed at power.
2.3.8.3 RCS Flow

Eight (8) independent differential pressure
detectors (four (4) per loop) tap info the hot leg
and into the steam generator outlet plenum. The

Steam Generators

outputs of the differential pressure transmitters

are summed, by pairs, and four (4) total RCS flow
signals are sent to the RPS. The RPS generates a
low RCS flow trip at 95% if low flow conditions
are sensed by two (2) out of the four (4)
transmitters.

2.3.9 Steam Generator Operations
2.3.9.1 Plant Startup

When the plant is in a cold shutdown condi-
tion, the steam- generators are in a wet layup
condition. Wet layup consists of filling the steam
generator completely with water that has been
treated with hydrazine and ammonium hydroxide.
The high steam generator level minimizes the
amount of secondary metal that exposed to air
during cold shutdown. Wet layup levels are
monitored on the wide range level indication.

Since the steam- generators are full, the
generators must be drained down to the normal
operating "level (65%) prior to startup. Also,
condensate’ and feedwater must be cleaned up
prior to using these systems to feed the steam
generators. These two steps are started early in
the plant startup procedure.

As the RCS is heated up by the RCP energy,
steam production begins in the steam generators.
The level in the steam generators will be
maintained by ‘AFW. When hot standby
conditions are achieved, the necessary RCS boron
concentration adjustments are made and the
control element assemblies are withdrawn-:to
achieve criticality. - Reactor power is escalated to
approximately 3%, and a main feedwater. pump is

USNRC Technical Training Center
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Steam Generators

placed in service. When feedwater control via the
main feedwater system is established AFW is
aligned to its standby lineup.
the steam generator functions to

During power
operations,
produce dry saturated steam to drive the turbine
and required plant auxiliaries.

2.3.9.2 Plant Shutdown and Cooldown

To shut the unit down, plant power is de-
creased by boration of the RCS. When power is
approximately 10%, the turbine is taken off line.
At 3% power AFW is placed in service and the
main feedwater pump is shut down. The next step
is to shut down the reactor by inserting the control
element assemblies. When the control element
‘assemblies are inserted, the plant is in the hot

standby mode of operation. The cool down of the

vides a means of controlled core cooling using the
steam generators if the reactor coolant pumps are

" not available.” . = - ..,

- circulation.

- Three ‘conditions - must::exist _for . natural
First; there must be -a heat oouroo.
The decay heat generated -after a plant shutdown
or trip provides the heat source.. Next, a heat sink

for the deposition of the core heat must exist. The

-steam "generators - will satisfy this requirement

- providing, a level .is maintained in, the steam

generators and -a temperature- difference is
maintained between the RCS and steam gener-

- ators by the removal of steam from the secondary

- -side.’ ‘Finally, -an elevation difference must exist

plant is performed in two steps. The first step °

involves dumping steam from the steam generator
to the condenser (steam may be dumped to the
atmosphere if the condenser is not available),
AFW is used to maintain steam generator level.

When RCS temperature and pressure are
reduced to approximately 300°F and at or less
than 260 psia, the shutdown cooling system is
placed in service and is used to cool the plant
down to the desired temperatures.
meantime, the steam generators will be placed in
wet layup by using AFW .

2.3.9.3 Natural Circulation

2

In the:

... begins -to heat up. -

Natural circulation refers to the deposition of - -

the core’s decay heat energy into the steam
generator and is caused by coolant density and

elevation differences. Natural circulation pro-

Plant
design provides an elevation difference of ap-

between the-heat sink and.heat source.

proximately thirty five feet between the centerline

‘of the steam .generator and the centerline of the

core. Of course, the interconnecting piping from

the reactor vessel to the steam generators must be

“intact’ and-free from obstructions such as non-

condensable gasses. - - - -, .

e .-
If the above conditions are satisfied, one

-possible natural circulation scenario might include

a-loss"of offsite power. When this event occurs,
the electrical power-supply to the reactor, coolam
pumps is-lost,-and they coast down to zero (0)
rpm. With no forced flow, the coolant in the oore
- The increase m ooolant
temperature causes a reduction in coolant density.
As the hot coolant rises, it is replaccd wnh colder,
When
-the hot water from the core reaches the steam

denser water from the steam, generators.

generators, its -temperature .is reduced and its
density increases. The denser water travels back to
the core where the process starts all over.

USNRC Technical Training Center
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2.3.10 Summary

The steamn generators are inverted U-tube heat
exchangers that are used to remove the core’s heat
energy during normal and abnormal operations.
During normal operations, the steam produced by
the transfer of heat from the RCS is used to drive
the turbine and its auxiliaries.

During abnormal operations, the removal of
steam from the steam generator ensures the
removal of decay heat.

The heat transport path of reactor .coolant
consists of the hot leg inlet that routes the fluid to
the inlet of the U-tubes. The reactor coolant

passes through the tubes which provide a barrier
between the radioactive reactor coolant and the
non-radioactive secondary fluid.

From the U-tubes, the coolant travels to the
suction of the reactor coolant pumps via two (2)
outlet nozzles.

Feedwater enters the steam generator shell and
is distributed to the downcomer by the feed ring.
The feedwater comes in contact with the tubes in
the evaporator section of the steam generator and
is boiled. Wet saturated steam is dried by two
stages of moisture separating equipment prior to
its entry into the main steam system.

Safety related instrumentation monitors steam
generétorh levels, steam generator pressures, and
RCS flow. Levels are used to generate reactor
and turbine trips and to actuate AFW.
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TABLE 2.3-1
Steam Generator Parameters
Number, per unit
Type
Number of tubes
Nozzles and manways
Primary inlet nozzle (1 ea.), ID, in.
Primary outlet nozzle (2 ea.), ID. in.
Steam nozle (2 ea.), ID, in.
Feedwater nozzle (1 ea.), nominal, in.
Instrument taps (12 ea.), nominal, in.
Primary manways (2 ea.), ID, in.
Secondary manways (2 ea.), ID, in.
Secondary handholes (2 ea.), ID, in.
Bottom blowdown (1 ea.), nominal, in.
Surface blowdown (1 ea.), nominal, in.
Auxiliary feedwater (1 ea.), nominal, in.
Primary side design
Design pressure, psia
Design temperature, °F
Design thermal power (NSSS), Mwt
Coolant flow (ea.), lbm/hr
Normal operating pressure, psia
Coolant volume, (ea.), cu.ft.
Secondary side design
Design pressure, psia
Design temperature, °F )
Normal operating steam presure, full load, psia
Normal operating steam temperature, full load, °F
Blowdown flow (ea.), Ibm/hr
Steam flow {ea.), lbm/hr
Feedwater temperature, °F
Dimentions
Overall height, including support skirt, ft.
Upper shell outside diameter, ft.
Lower shell outside diameter, ft.
Dry weight, Ibs
Flooded weight, Ibs
Operating weight, 1bs

. Steam Generators

2

Ve(tical U-Tube

8519

42
30
34
18
1
16
16

'h"‘NQ\

2500

650
2700
61E6
2250
1683

1000
650

850
525.2
4880
5.635E6
431.5

62.4

20

13.75
1,004,000
1,526,700
1,218,251
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- 7. Control Element Drive

MECHANISMS

.-
c -

1. Describe the components in the control

‘element drive mechamsm (CEDM) that are a
part of the RCS pressure boundary ‘

Describe the power supply to the CEDM:s.
- Explain the purposes of the control element
assembly control and indication system
B (CEAC&IS)

'Llst and state the purposes - ‘of the- CEAC&IS
interlocks. -

Explain the various mgdés of operation of the
CEAC&IS. -

"CONTROL" ELEMENT DRIVE

" . three '(3) sections. '

withdrawn to’ at - least’ the - power dependent
insertion limit (PDIL) during power operation.
Each of the regulating CEAs has an mdrvrdual
drive mechanism.:.: ; o 7

CEA Mechanism Mechamcal
v Constructlon .

e k- N A

3.2

The CEA mechamsm may bc divided into
“The first section 'is the drive
shaft assembly. The second section is the CEDM
pressure housing and drive unit. The final section
is the corl assembly )

: 32.1 CEA Drlve Shaft AT

x D

The regulatmg CEA dnve shaft (Flgure 3-1)
extends. from the top .of the CEA spider up
through the CEA pressure -housing and into the
upper pressure housing. The drive shaft is coupled

- *with"the CEA “spider by an expandable collet

© 3.1 Introduction . s

The purposcs of the control element’
assembhes are SR T

1. Provide - sufficrent negatrve " reactivity to-

shutdown the reactor -

Provrde reactrvrty additions to allow-reactor
: start-ups and hrmted power escalatrons and

.

Allow control of the “reactor’s: axial flux
distq'bution.

ey T [
BT s .~ - A h ~ e

There are two (2) different’ types of CEAs

installed in the core, shitdown and ‘regulating.* -
The forty shutdown CEAs are divided into three ™ ¢~
“-groups (A; B, and C) and-are fully’ withdrawn:

during power operations: . Thé shutdown CEAs

<-- are driven by a dual CEA' dnve mechanism (one

~ USNRC Technical Training Center

mechanism controls the p_osmon of two CEAs).
The thirty-seven regulating CEAs are divided into
six ( 1, 2, 3, 4, 5, and 6) control groups that are

:."Jocated at‘the bottom of the shaft assembly. 'An

" operating rod (located on the inside of the -shaft)

. expands the fingers of the collet. The fingers of
" .“the collet contain lands that mate with grooves on

" the inside of the CEA spider hub. "From the top of

" the CEA, the-drive section continues 'upward to
.. the pressure boundary housing. - The portion of the
*.drive . shaft that is located ‘on the -inside .of the

pressure housing is grooved .to-allow the driving

-*latches to position the CEA. The top extension of
-« the drive shaft contains the.necessary apparatus

for the ‘coupling and :uncoupling- of: the CEA
during refueling activities. A magnet is also
located on this section -of the -drive shaft.”. The
magnet opens and closes reed switches that are
‘used in the posrtron indication system

r foo

s The dual CEA couplmg (Frgure 3-2) consrsts
of a yoke and two (2) collets. Each of the collets,
located on either end of the yoke, is coupled to a

-, shutdown CEA.-The drive-shaft connects to the
- center of the yoke. A magnet is also located at the

top of the drive shaft and operates reed switches

341 - TRyl
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that are used to indicate the position of both of the
CEAs that are attached to the drive shaft.

3.2.2 Pressure Housing and Drive Unit
(Figure 3-3)

The bottom of the pressure housing is thread-
ed onto the vessel head CEA nozzles. This vessel
penetration is sealed by an omega seal and is also
seal welded to insure vessel integrity. The upper
pressure housing completes the pressure housing
assembly.

The upper pressure housing is threaded into
the pressure housing and also.contains an omega
seal. A ball vent assembly, used to remove air
from the system, completes the pressure housing.
Reactor coolant pressure extends from the- CEA
nozzle up to the ball vent assembly. .

The motor assembly portion of the drive unit
is shown in Figure 3-4. As shown in this figure,
the motor housing contains necked down. areas
that concentrate magnetic lines of flux from the
CEDM coils to the gripper latches. Two (2) drive
latches or grippers are located inside of the motor
assembly. The upper gripper and the lower
gripper are magnetically operated and position the
CEA during withdrawal and insertion. A spring

" loaded anti-ejection ¢ gripper is included in the

CEA design to minimize the possibility of a CEA
ejection accident. All of the gripper fingers fit
into the grooves of the CEA drive shaft.

3.2.3 Coil Assembly

Five (5) electromagnetic coils, located on the
outside of the pressure housing, are used to hold
and-move the CEA. The following list provides
the function and names of ‘each of the coils.

1. The lift coil is used to move the CEA drive
shaft and to disengage the anti-ejection

gripper.

2. The upper gripper coil is used to hold the
CEA.

3. The pull down coil is used to reposition
the upper gripper for the next CEA step.

4. The l;ad' transfer coil transfers the load
between the upper and lower grippers
during CEA movement.

5. The lower gh'pper holds the CEA during
the intermediate steps of a movement
sequence.

The action of these coils is best illustrated by
describing CEA withdrawal and insertion se-
quences.
3.23.1 Withdrawal Sequence
(Figure 3-5, 3-6)

The CEA is moved in discrete three-quarter
(3/4) inch steps as follows:

1. Initial conditions, the upper gripper is
energized and holding the CEA. The anti-
ejection gripper in also engaged.

(Figures 3-5, 3-6(a))

2. The lift coil is energized releasing the anti-
ejection grippers and pulling the CEA up
three-quarters (3/4) of an inch.

(Figure 3-6b).

3. The lower gripper is energized to hold the
CEA in the new position.
(Figure 3-6¢)

4. The load transfer coil is energized pulling
the lower gripper up one-thirty second
(1/32) of an inch. This transfers the CEA
load to the lower gripper.

(Figure 3-6d)

USI;IiZC Technical Training Center
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5 The lift coil and upper gripper coil de-
energrze and the pull down coil is ener-

o glzed "This action pulls the upper gripper - -
2 F back to its original position and allows the :t
. antl-e_]ectlon gripper frngers to engage
~ - 'the dnve shaft.” : .

(Frgure3 6e) - - - .

‘6.  The upper gripper coil “is energized and
s “the latches engage the dnve shaft '
" (Figure 3 6f) : ,
7. The load transfer coil is de- energrzed
transferring the load to the upper gripper.

(Figure 3-6g)
8. The .lower “gripper 1is -de-energized, )
L returning the mechanism to the hold mode. .
(Frgure 3 6h)

\..‘ b

w xOne wrthdrawal sequence has been completed ;

H B 5 o

3 2. 3 2 Insertion Sequence -

(Figure3S3T) .

T Agam, -the CEA is inserted in three-quarter

1. "Th’e lower gripper coil is energized. The
- lower gripper latches contact the drive -
shaft. (Frgure 3-7a) R .

- lower gripper is -pulled up -one-thirty -
"+ second (1/32) of an inch. This places the -

"CEA load onto the lower gnppers -

(Flgure 3-7b) R

3. The upper grrppers are de~energlzed
B (F1g3-7c) . o -

" "4, -The lift coil is energized, the anti-ejection -
* latch is disengaged, and the upper gripper -,

n 5.

- 6.
" ,transfernng the CEA load to the upper
.grppers. - - - - - ‘

i (3/4) inch steps. The insertion sequence follows: =~

,33‘, ,'

2 The load transfer coil is energized and the 1 foait,

) (Flgure3-7g) PR

p c_o_rnpleted.

¢, T . Control Element Drive

~-is pulled up three-quarters (3/4) ofan inch.
(Frgure 3-7d) LA i

The upper gnpper c01l is energlzed and the
upper gripper -latches engage -the drive
shaft.

(Figure 3-7e) N

The load transfer coil .is de-energized

(Frgure 3-7f)

LA

\

The lower gnpper coxl is de-energrzed
causing the lower gripper latches to
disengage. . . .- \ -y

L3 3
~ w3 o

-~

iThe CEA is lowered three quarters (3/4) of
. an - mch by momentanly energizing "the

pull down corl The pulldown “coil
overcomes the lift corl allowmg the CEA
to insert. . .

(Figure 3-7h). . -

,The lrft coil i rs then de-energlzed and the

anu-e_]ectron _grippers . engage the drive
shaft. The mechamsm is now in the hold
mode and one insertion séquence has been

PR

Control Element Assemhly Control and

 Indication System (CEAC&IS)

The Control Element Assembly Control and

Indication - System (CEAC&IS) generates “the
electrical signals that cause the CEDMs to raise,

%~ lower, or hold the CEAs. It mcludes the controls,
-logic, mter]ocks,. mdrcatlons and alarms that

. ,ensure proper operation , of the CEAs
T e n :; .o -~ positions of the CEAs are controlled remotely
- from signals ongmatlng in the mam control room
..and can be controlled individually or as a group.

The

g - R .» The CEAC&IS mcludes the CEDS Control Panel
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CEA Logic Cabinet, CEA Motor Generator sets
and associated Motor Generator control cabinets.
Figure 3-8 illustrates the interrelationship of the
CEAC&IS components and- other plant
instrumentation and control systems.

3.3.1 CEDS Logic

All withdrawal or insertion' signals generated
for the CEDMs at the CEDS control panel pass
through the CEA logic cabinet. In’ this cabinet,
CEA control signals are directed to the correct
group and/or individual CEAs and then modified
by protective interlocks and controls.

The CEA logic cabinet includes four logic
panels which further contain logic modules. Logic
modules are provided for group and individual
CEA loglc group and mode selection logic, and
several logic control modules for’ interlock and
control functions. The 1ntcrlock functions include
CEA Motion Inhibit (CMI) CEA Withdrawal
prohibit (CWP), Automatic Withdrawal Prohibit
(AWP), CEA limit switch relay and permissives,
_and regulating bank sequencing system interlocks.
The control functions' include circuitry for the
Reactor Regulating System (RRS) and the plant
computer interfaces.

The CEA coil power programmers deliver
control power to the coils of the CEDM. There is
one coil power programmer for each CEDM
which controls the time, pulse duratlon, and level
of electrical current supplied to the coils of the
CEDM. The coil power programmers receive
power from the CEA motor generator sets.

The coil power programmer is comprised of
the timing logic, the power switch, and the up-
down counter sections. The timing logic section
generates the precise timing signals for CEA
motion while the power switch effectively
amphﬁes these timing signals by switching  the
current from one coil to another coil. The lift and

Control Element Drive

pull-down coils have two separate timing controls,
one for the withdrawal cycle and one for the
insertion cycle. Also each CEDM coil uses two
different_current levels, except the pull-down coil
which uses only one current level. A typical
timing control circuit for each CEDM consists of
three timers. One timer is used to set the time
from the beginning of the cycle until current flow
is initiated into the coil, one timer is used to set
the time duration for high current flow into the
coil, and one timer is used to set the time duration
for low current flow into the coil.

3.3.2 CEA Power Supply
(Figure 3-9)

The power for the CEA coils comes from
redundant motor-generator (MG) sets. The MG
set motor is a 480 Vac, 3 phase, 220 hp induction
motor that receives its power from a non-class 1E
bus. The motor drives a 240 Vac, 3 phase, 60 Hz,
generator. A flywheel is installed on the MG set to
provide for a constant power output during
momentary power upsets. The flywheel provides
sufficient rotating inertia to maintain generator
output frequency above 59 Hz. for three-tenths
(3/10) seconds and above 58 Hz. for one (1)
second after power interruption. The output of the
generator is routed to the reactor trip- circuit
breakers via an output breaker. Control cabinets
are installed to allow MG set start-up, shutdown
and generator synchronization.

The diverse scram system (DSS) interfaces
with the MG sets through the motor load
contactor (controller). The DSS receives inputs
from the four (4) pressurizer pressure safety
channels and will actuate when two (2) out of the
four (4) pressurizer pressure channels sense a
pressurizer pressure of 2450 psia. When the DSS
actuates, it de-energizes the MG set motor
controller. :When the motor loses power, the
generator output drops to zero and power is lost to
the CEAs. The loss of power to the CEAs allows
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" design backfit ‘and- is required to " mitigate ‘the

scram (ATWS)

!

3.3.3 - Reactor Trlp Circuit Breakers T

* the CEAs to fall into the ‘core.: The DSS was a i 3.3.4 CEA Distribution Buses

(Flgure3 10) R

The power drstnbutron from one (1) of the two

7+ (2) CEA buses'to’ the CEAs is shown. Two (2)
- under voltage coils monitor the power supplied to

£ the bus. When a reactor trip occurs, -the under

As shown on Frgure 3-9, there are nine (9) -
c1rcu1t "breakers mstalled “between the ‘MG *set "

°" output breakers and the coils of the CEAs The 9 -

crrcu1t breaker is' used to ‘ensure ‘MG “set -

. synchromzatron is mamtamed regardless of the -
. order of the closure of- the remaining’ erght @ -

breakers To 1llustrate ‘the’ importance of the 9 °

" voltage coils sense the loss of power to the CEAs.

- The coils provide reactor trip information to the
‘turbine trip system- (turbirfe trip on reactor trip)
-and the feedwater control system (turbine trip or
reactortnp overnde) ST ST

- l

- The CEAs are drvrded into subgroups of four

breaker assurne that all crrcurt breakers are open - (4) or five (5) ‘CEAs.” Power to each subgroup is

wrth the’ exceptlon of the MG output breakers. *
Note that breakers 1, 2, 4, 5, 6, and 8 ‘can be shut
m any order; however, when erther breaker 3 or 7
is closed the MG sets are paralleled There'is an
extremely large probability that the MG sets will
‘'not be synchromzed when either of these breakers

*> are closed.” If the 9 breaker is closed, the MG sets -

cannot be paralleled out of phase by closing -

“breakers 1 through 8 in any order.

" ‘methods.

USNRC Techmcal Trammg Center

. : Circuit breakers '(1-8) are ‘the reactor trip- -
: crrcult breakers (R'I'Bs) These  breakers .are -

controlled by the réactor protectron system (RPS). .:

When a reactor tnp srgnal "is generated by the .

RPS the RTBs will open

These breaKers can be opened by two'
'First,’ an undér voltage -coil
deenerglzed causrng "the breaker to _open. ' Second,”

‘the breaker shunt trip coil is energized and the ::

breaker wrll open. Regardless of how the’ circuit
breakers are opened deenergizing-power to’ the
CEA corls allows the CEAs to drop mto thecore.
s RS & |
Power from the reactor trip circuit breakers is-.
routed to the 'CEAs via two -distribution” buses.

eachbus T .

is*-

‘routed through a subgroup breaker. There are ten
(10) subgroups supplied by each distribution bus.
Each subgroup breaker supplies up to ﬁve CEAs
via individual CEA breakers.” = L3

Power from an individual CEA breaker travels
-through a coil switch to.the CEA coil. The coil
switch is. a set of three_ silicone controlled
réctifiers (SCRs) that are controlled by the control
-element assembly control and indication system
(CEACXIS). ot e .

In addition to the .coil switch power, supply,
.the CEAs may be powered from the hold bus.
- The hold bus is-a maintenance device. -A.sub-
group of CEAs may be transferred to the hold bus,
at the CEA Logic Cabinets, in-order to perform
maintenance ;on the CEA coil . switches or
CEAC&IC loglc '

The hold bus. supphes power to the upper
gripper coil. If the RTBs open, power will be lost
'to «the hold bus. Any CEAs that are receiving

‘ SN power from the hold bus will be de-energlzed

RSN N J\

‘34 CEA Posrtlon Indlcatlon K -.XE e
Systems ) »e_ .

~r

TR . {

‘1 Three (3) mdependent CEA posrtron mdrca-
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tion systems are installed to provide CEA position
information and interlocks for the CEACXIS.
The first position indication system is called the
primary CEA position indication, system. This
system utilizes the plant computer to count the up
and down pulses that are supplied to the CEA
coils. The second position . indication system
determines CEA position by magnetic switches
that are opened and closed by the magnetic
section of the CEA drive shaft. This is the
secondary CEA position indication system. The
final position indication system also uses
magnetic switches that are opened and closed by
the magnetic section of the CEA drive shaft.
These switches supply position information to the
CEA mimic display, and are independent from
the secondary CEA position indication system.

3.4.1 Primary CEA Position Indication
System

The primary CEA position indication system
monitors the up and down pulses sent to the CEA
coils. These pulses are counted by an up-down
counter in the plant computer. Each up or down
pulse represents a three-quarter (3/4) inch change
in CEA position. The plant computer supplies
position information to nine (9) digital meters,
one (1) for each CEA group, located in the control
. room adjacent to the CEA control station. Each of
the nine (9) digital meters displays position
information for a selected CEA in its associated
group. The selected CEA is determined by
switches on the CEAC&IS panel. The plant
computer can also provide a printout of all group
and individual CEA positions.

In addition to - position information, .the
primary CEA position indication'system provides
signals that are used to control the CEAs. An
upper CEA group stop (UCS) is' supplied to each
of the nine (9) CEA groups to stop outward group
motion when the lowest CEA in the group reaches
133.5 inches. Further CEA withdrawal is allowed

in the manual individual mode of control. A
lower CEA group stop (LCS) is. also provided to
each of the nine_(9) CEA groups to stop inward
group motion when the highest CEA in the group
reaches 4.5 inches. Again, further CEA insertion
is allowed in the manual individual mode.

The primary CEA posmon indication system
also provides alarms to warn the operator ‘of CEA
misalignments. . If, the difference between the

_highest and lowest CEA in a group exceeds three

and three-quarters (33/4) inches, the CEA posmon
four (4) inch deviation alarm is annunciated. If the
difference between the highest and lowest CEA in
a group exceeds seven and one-half (7 1/2) inches,
the CEA position elght 8) inch deviation alarm is
annunciated., The first of these alarms gives the
operating staff tlme to, correct CEA misalignment
before the technical specxficauon limit of seven
and one-half (7 1/2),inches is reached. The
second alarm informs the operator that the
technical specxﬁcanon limit has been reached or
exceeded.

A third set of alarms provided by the primary
CEA position indication system associated with
power distribution is the power dependent
insertion limit (PDIL) alarms. The PDIL alarms
compare the CEA position of each regulatmg
group with reactor power. The power signal used
in the alarm algorithm is supplied from' the
computer calculation of thermal power. If the
CEA position approaches the pre-programmed
position for.the existing reactor power, a pre-
PDIL (PPDIL) alarm is generated. This alarm
alerts the operator to the potential of exceedmg
the technical specxﬂcanon CEA insertion lmut If
CEA. position equals or exceeds the pre-
programmed position for the existing reactor
power, the PDIL alarm is annunciated. When this
alarm is annunciated, technical specxﬁcatxon limits
may , have been exceeded. Both the PPDIL and
the PDIL alarms are bypassed if power, as sensed
by wide range logarithmic channels, is <10%%.
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lowest CEA in the preceding group is below the -
' upper sequential permissive -(USP) ‘of 93 inches .-
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The final limit provided by the primary CEA
“~"position indication system is the exercise limit.:
The ability to move the CEAs is a technical -
spec1ﬁcat10n surveillance requirement.
" of ‘the CEAs from a'fully withdrawn position to
. the exercise position of 129 inches comphes with
. the technical specification requirement.

34.2 Secondary CEA Position
Indication System (Figure 3-11)

The secondary -*CEA position indication

system is redundant to, and completely indepen-. :
dent of, the primary CEA position indication' .
“position, and the low select unit passes the signal
‘from the lowest CEA position.

system. The position signals for the secondary
CEA - position indication 'system are initiated by’
reed switch position transducers (RSPTs) that are ;.
housed in the shroud assembly of the CEDMs.
The switches are positioned at one and one-half (1
1/2) inch intervals along the length of the CEDM
shroud assembly and are wired into a voltage
divider ‘network. The -output of the voltage
divider is a stepped voltage signal proportional to
CEA position that is supplied to a cathode ray
tube (CRT). The CRT provides two indications of
CEA position. The first indication is a vertical.
bar graph that provides a simultaneous display of
all of the CEAs in the core by group or all groups.
The second indication is a dlgltal readout of the -
CEA position. - : '

" 'In addition to position indication, the second-
‘ary CEA position indication system also provides -

- - signals that are used for.alarms™and interlocks.

- "The first alarm prov1ded by the secondary CEA

position -indication ‘system - deals. with ."CEA

sequencing. This alarm monitors the regulating -

group position to ‘détermine if too much overlap i::-

exists or if the correct CEA sequence is being
If, between successive groups, the

- secondary . CEA eight -

Control Element Drive

~inches then ian out of sequence alarm will be

generated. Additionally, if the difference between

‘successive CEA groups is less than 79 inches , or
Insertion - -

if the wrong CEA group is moving, then an out of
sequence alarm will also -be generated. The

secondary CEA position -indication system also
: prowdes CEA devrauon alarms s

Each . CEA group deviation -alarm - circuit
consists of a high select unit, a low select unit, a
summing amplifier, and- two -(2) bistables. ‘The
output of the RSPTs is supplied to the high select
unit and the low select unit. The high select unit
passes- only -the signal from the highest .CEA

The summing
amplifier subtracts the lowest CEA position from

- the highest CEA position and sends the result to

the two (2) bistables.  The_first ‘bistable deter-
mines if the difference between the highest and
lowest CEA exceeds four (4) inches. The second
bistable determines 1f the dlfference between the
highest and lowest CEA exceeds eight (8) inches.

. The output of .the bistables is-routed- to the

secondary CEA four (4) inch deviation and the
(8) --inch, deviation
annunciators, respectively.

- The _ secondary CEA position indication
system also provides power dependent insertion
limit-alarms. The PDIL alarms also compare the
CEA position of each regulating group with

reactor power. Except that the power signal used

in the secondary CEA position system alarm
circuitry is supplied by the RPS and is the highest

\of AT power or linear power range nuclear power.

Both the PPDIL and the PDIL alarms are
bypassed if power as ,sensed by W1de _.range
loganthrmc channels, is less than 10™%.

Pyl -~

i -Two (2) interlocks are - provrded by the

" and the highest CEA"in the ‘succeeding .group is -..i SCCOndary CEA position indication  system to

" . above the lower sequential permissive (LSP) of 54

. ensure that shutdown margin and power dlstnbu-
tion assumptions are maintained. The shutdown

USNRC Technical Training Center
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groups cannot be inserted until all regulating
CEAs are inserted to <10 inches. This interlock is
called the shutdown CEA insertion permissive
and is annunciated on the control board. Like-
wise, the regulating group CEAs cannot be
withdrawn unless all shutdown CEAs are with-
drawn to at least 129 inches. This interlock is
called the regulating CEA withdrawal prohibit and
is also annunciated on the control board.

3.4.3 CEA Mimic Indication (Figure 3-12)

The CEA mimic display system consists of a
core mimic panel and-lights that represent CEA
location and status. There are 57 light assemblies
(20 dual CEA indications and 37 single CEA
indications). The colored lights are controlled by
reed switches that are independent of the
secondary CEA position reed switches.

Each light assembly has four (4) different
colored lights. The light colors are:

1. Red, indicating a fully withdrawn condition,

2. White which is the operating band for a
regulating CEA, '

3. Green, indicating a fully inserted condition, or

Al

4. Amber, indicating a dropped CEA and

5. Blue which is the exercise limit for a shut-
down CEA
The red light is energized when the CEA is at
its upper electrical limit (UEL) of 135 inches.
When a CEA reaches this position, logic circuits
prevent further withdrawal’ commands.

The green light is energized when the CEA is
at its lower electrical limit (LEL) of three and
one-half (3 1/2) inches.” When a CEA reaches this
position, logic circuits prevent further insertion.

Control Element Drive

The white lights are energized on the regulat-
ing CEAs when the CEAs are between the upper

and lower electrical limits. For shutdown CEAs,
the white light is replaced with a blue exercise
lamp that is illuminated when the shutdown CEA
is < 129 inches.

3.5 CEAC&IS

The CEAC&IS allows manual or automatic
control of the CEAs.

The follo@ing is a listing of CEA groups,
functions and number of CEAs assigned to a

group:

Group

Function # of CEAs
A Shutdown 16
B Shutdown 8
Cc Shutdown 16
1 Regulating 8
2 .. Regulating 4
3 Regulating 4
4 Regulating 8
5 Regulating 4
6 Regulating 9

The shutdown groups can only be controlled
in manual while the regulating groups can be
controlled manually or automatically. Manual or
automatic - control is determined by selections
made at the CEAC&IS control panel.

3.5.1 CEAC&IS Control Panel

The CEAC&IS panel (Figure 3-13) provides
selection capability for the desired mode of CEA
operation and CEAC&IS indication on the core
mimic panel. The use of the different CEAC&IS
control modes is best illustrated by discussing the

USNRC Technical Training Center
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start-up and power escalation of the reactor. - . is- almost ‘fully ‘withdrawn and is-used as an
e o - . interlock to stop rod- motion. - When group A
~-3.5.2 Reactor Start-up - - ' - reaches the ‘upper group stop, -the operator will

o : pull each rod to the upper electrical limit (UEL) in
' The initial conditions for the reactor start-up ‘* the manual individual mode of control. Shutdown

are: - LI L group Band Shutdown group-C CEAs will be
* fully withdrawn in the same manner. The speed of
1. The unit is in opéfatiug mode 3 and © - =~ the shutdown CEAs is 20 inches per minute in all

- v se . o modes of control.
- 2. An estlmated critical position has been
calculated, and a plant start-up is permmed . The remaining interlocks in manual group control

by techmcal specxﬁcanons ‘ D oarer .
- - ) Co v

S The first stép in the reactor start-ip is'to 1. The lower group stop (LCS) and - o
- “withdraw the shutdown ’groups to’ their fully
* withdrawn - position. The withdrawal -of - the © 2. The IOWCI electncal hrmt (LEL)-

shutdown groups is accomphshed in’the manual © - o s
group mode of control v = + 7 The lower CEA group stop stops all mward
o - * . - CEA motion when the plant computer calculates
‘ 3.5.2.1 ‘CEA Manual Group Control ‘ that the group has reached the four and one-half (4

s K 1/2) inch position. The lower electrical limit is a
"~ Manual group control is accomphshed by reed switch actuated interlock that stops in-

se]ecnng the “desired group of CEAs to be with- dividual CEA motion commands when the CEA is
drawn by pressing the appropriate switch located .. inserted to three and one-half (3 1/2) inches from
_in the group selection section of the CEAC&IS - the bottom of the core. s el
"panel and selecting the manual group (MG) mode -~ - . ‘ . D,
push-button located in the mode selection section .. 23.5.2.2 t:Mamlal Individual Control
of the CEAC&IS. The shutdown bank withdrawal - i e

" is accomplished by selecting the A position onthe -~ ~ The manual individual control. mode allows
group select, selecting'MG on the mode select, - “any CEA to be individually - positioned. To
and placing the manual contro] switch to the - withdraw : the - shutdown .-groups .from the upper

-%" withdraw posmon ‘ T . ¢ .group _stop -to’ the. upper electncal lmut -the
- Cos : followmg steps are necessaxy e s
__ Outward CEA motion will be permitted ! - AU INE I )
prov1ded a CEA withdrawal prohlblt (CWP)isnot i = . 1. The manual md1v1dual (MI) mode is
present. A CWP signal is generated when two (2) ¢ © oselected.: . o o . -

,out of four (4) pre—tnp sxgnals are generated by ooab o
** either high pressufizer pressure, high start’up rate & 2 ‘The desxred CEA is Selected by depressmg

_or thermal margin low pressure pre-trip blstables i -, . - its selector switch located in the individual
in the RPS Outward CEA'iotion’ will continue CEA selection section of the CEAC&IS
unu] the upper CEA group stop (UCS) is reached. panel. This switch also determines the
- The upper group stop 1S generated by the plant - CEA - position that is:displayed -by the
‘computer when the selected CEA ‘group reaches:. .. - digital meter associated with the primary
133.5 inches withdrawn. The 133.5 inich position '» - CEA posmon mdlcatlon system. -,
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3. The manual control switch is positioned to
the withdraw position, and the CEA is
pulled to the upper electrical limit.

The above sequence is repeated for each
shutdown group CEA. In addition to withdrawing
the shutdown groups to the upper electrical limit,
the manual individual mode is used to recover
dropped CEAs and is used during CEA testing.

The interlocks in the manual individual mode
are the upper and lower electrical limits for all full
length CEAs. These interlocks were described in
the previous section.

Now that the shutdown groups are withdrawn
to the upper electrical limit, the control groups are
ready to be withdrawn. ~ This' evolution is
accomplished in the manual sequential mode of
control.
3.5.2.3  Manual Sequential Control

The manual sequential (MS) mode is used
only for the regulating groups.
CEA control is selected after all the shutdown
banks have been withdrawn to the 'upper electrical
limit. When the operator selects MS and positions
the manual control switch to the withdraw
position, control group 1 begins to move outward
from the core. When group 1 reaches 93 inches
withdrawn, the upper sequential permissive (USP)
is reached. ‘The upper sequential permissive
allows group 2 outward motion. Group 1 and
group 2 move simultaneously: until group 1
reaches the upper group stop (133.5"). When
group 1 is at the group stop, group 2 should be at
'40.5 inches. Group 2 continues to move outward
until ‘it reaches 93 inches, then groups 2 and 3
move out together.

" The overlapping of motion between
successive regulating groups ‘allows for a more
linear reactivity addition by" the CEAs. The

This mode of .

overlapping of the CEAs is applicable to all
regulating groups. The regulating gréups are
withdrawn until criticality is achieved. Before
continuing with the escalation of reactor power,
two features of the manual sequential mode of
control need to be described.

First, the overlapping of the regulating groups
also occurs during CEA insertion. To illustrate the
overlapping,, assume that all CEAs are fully
withdrawn. When the manual control switch is
placed in the insert position, group 6 starts to
move into the core. When group 6 reaches 54
inches, group 5 starts to drive in. Simultaneous
inward motion continues until group 6 reaches the
lower group stop (4 1/2 inches). Group 5 inward
motion continues: until group 5 reaches the 54
inch position at which time group 4 inward
motion starts. The 54 inch position (calculated by
the plant computer) is called the lower sequential
permissive and is applicable to all regulating
groups. The withdrawal and insertion speed of the
regulating group CEAs is 30 inches per minute.

The interlocks that are applicable in the
manual sequential mode are:

1. Control -element assembly withdrawal
prohibit (CWP),

2. Tlie upper and lower CEA group stops
(UCS, LCS) and

3. The dpper and lower electrical limits
(UEL, LEL).

All CEA interlocks are summarized in Table 3-1.

After cntxcahty is achieved in the manual
sequential mode, power escalation to 15% reactor
power is accomphshed by CEA withdrawal. At
15%, the automatic sequential mode of operation
may be selected.
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3.5.2.4 Automatic Sequential Control

In the automatic sequential mode of operation
the CEAs are positioned by the reactor Tegulating
system (RRS, see Chapter 4). The ¢{RRS.
commands CEA motion in order to maintain Tavg
at its desired value. - Automatic outward (AR-
automatic raise) and ‘attomatic insertion : (AL~
automatic lower) commands are generated by the
RRS to cause the régulating group CEAs to move
at two different rates.- The low rate is three.(3)
inches/minute, while " the high rate is 30
inches/minute. Also, the CEAs are overlapped in
the sequence described in the previous section.

In the automatic sequential mode of control, a
new interlock feature is introduced. The inter-
lock is an automatic withdrawal prohibit (AWP)
generated by the RRS. AWPs are generated by
two conditions. : The first condition is a high cold
leg temperature (high-Tc) of 548°F. The purpose
of this interlock is ‘to prevent.exceeding- the
departure from nucleate boiling ratio (DNBR)
cold leg temperature value. The second AWP
signal is a large difference between actual and
desired Tavg (Tavg-Tref). If Tavg is greater than
Tref by 5°F, an AWP.signal stops automatic
outward CEA motion. This interlock . prevents “a
further increase in the power mismatch between
the RCS and secondary systems. . oL

3.6 Summary R R

The control element assemblies proVide
sufficient reactivity to shutdown the reactor,
provide reactivity additions to allow reactor start-
ups and power escalations, and to allow control of
the reactors axial flux distribution.

There are two (2) categories of CEAs installed
in the core. The forty shutdown CEAs are divided
into three (3) groups and are operated by dual

drive mechanisms. The- thirty-seven . regulating

CEA:s are divided into six (6) groups and each has.

TP

an ‘individual drive mechanism. Each CEA drive

". mechanism forms a portion of the RCS pressure

boundary and is operated from the reactivity

--control panel in the main control room. , .-, .. -

The CEA~control system incorporates the
capability to operate the CEAs in different modes
as selected by the operator at the CEAC&IS,

P
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TABLE 3-1
CEA INTERLOCKS

Primary Position Indication System (computer/pulse counting)

Shutdown Regulating
Upper Sequential Permissive (USP) 93 inches - 93 inches
Lower Sequential Permissive (LSP) 54 inches 54 inches
Upper Group Stop (UCS) 133.5 inches. 133.5 inches
Lower Group Stop (LCS) 4.5 inches 4.5 inches
CEA Group Deviation 4 and 8 inches 4 and 8 inches
CEA Out of Sequence Alarm N/A .79 inches

(difference between sucessive groups)

Secondary Position Indication System (RSPTs)

CEA Group Deviation
CEA Out of Sequence Alarm

(difference between sucessive groups)
Regulating CEA Withdrawal Prohibit

4 inches
N/A

Any CEA <129
inches

Or Wrong group moving

4 inches

79 inches ]

or wrong group moving
N/A

Shutdown CEA Insertion Permissive N/A All Regulating group
CEAs <10 inches

CEA Motion Inhibit 4 inch deviation 4 inch deviation

CEA Mimic (RSPTs)

Upper Electrical Limit (UEL) 135 inches 135 inches

Lower Electrical Limit (LEL) 3.5 inches 3.5 inches

Dropped CEA 0 inches 0 inches

Shutdown CEA Exercise Limit < 129 inches

CONTROL ELEMENT DRIVE SYSTEM INTERLOCKS
CEA Withdrawal Prohibits (CWP)
Two-out-of-four coincident RPS pre-trips on any of the following:
Thermal Margin Low Pressure (50psia above setpoint)
High Start-up Rate (1.5 dpm)
High Pressurizer Pressure (2350 psia)
CEA Motion Inhibit (CMI)
Regulating group out of sequence
Secondary 4 inch CEA deviation
Regulating group motion prohibit
Shutdown group insertion prohibit
Secondary power dependant insertion limit
Automatic Withdrawal Prohibits (AWP)
High Tc of 548°F as sensed by RRS RTDs (DNBR protection) ’
High Tavg - Tref of 5°F as calculated by the RRS (power mismatch).

USNRC Technical Training Center 3-12 Rev 1201
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4.0 REACTOR REGULATING P plant heat removal “increases while reactor heat
o SYSTEM ) ‘ generation remains ' -constant. . The mismatch
o "oo. St ot 30 7~ between -heat removal ‘and generation causes -a

¢ ‘Learhilig ()[;jééfivésf"’ T e T reduction in RCS Tavg. When Tavg, drops,
- L I R positive reactivity is added to the core and reactor
'1 State the purpose of the reactor regulatmg power begins to increase. ‘The increase in reactor

© syster (RRS) R " ° .. :power-is dampened by'the negative reactivity

~ added by the doppler coefficient. As a result, heat
removal continues to exceed heat production and
Tavg continues to.decrease. The above -actions

o’

2. List the input signals to the RRS."’

ccccc

3. List the RRS system interfaces. . ‘will continue until the reactor’s heat production is
o equal to the turbine’s heat removal. At the end of
41 Introductnon I .-the transient, the followmg conditions w1ll exist:
The RRS performs the followmg functlons 1. Reactor power will equal turbine power,
and -~ - "o .- T, T N
1L ’Automatically controls average RCS L T 2. Tavg will be lower than its original value.
temperature (Tavg) between 15% and * ¢~ = 7 ' ' Ceolt L Tee
100% power during: . This reduced Tavg results in a-lower. steam
a. steady state conditions” . pressure and therefore, -inefficient turbine opera-
b. 5% ramp changes in load = tion. S T e L L

c. 10% step changes in load 7 T T T R
’ ) : A step decrease in load would result in a Tavg

‘. - L.

2 Automatlcally controls Tavg inconjunct- - ~ value greater than the original temperature. This
“ion with the steam dump and bypass control elevated Tavg ;represents. energy.-that could be
© system (SDBCS) during the f0110w1ng used to generate electrical power.~ In order to
a. “load re_]ectxons ) e -minimize the inherent decrease in steam pressure

b ‘turbine trips T oo * associated with the U-tube steam generator, a
e turbme setbacks ' *+ - 5 . - linear ramp of Tavg from 532°F at 0% power to

. 572.5°F at 100% power is used. The RRS is

3. Provides a programmed pressurizer water designed to maintain actual Tavg on the curve by
Jevel setpoint to the pressurizer water: .leve]  Withdrawing or inserting the CEA control groups.

control system (PLCS). R U

DR .- 42 .RRSInputs: .- ', . - .

There are two independent RRS systems o S Lo .
installed in the plant. Either RRS may be selected < ~ 4.2.1° Temperature Inputs- - . ..
to control the control element assembly (CEA) N Y - )

-~ regulating ~ groups and to supply the pressurizer As shown in Figure 4-1, the RRS receives an
: water level setpoint. RS Ay 35 DA 5‘; input of hot (Th) and cold (Tc) leg temperatures

8 . ‘ e ool from each RCS loop. .These outputs are routed to
" -~ To illustrate the need for the RRS, consider ~ “a 'selector  switch that is used to determine the
the effect on unit operation when a step~load ' inputs that are used in the calculation of Tavg.
increase from 20 to 30% occurs with CEA control " “The selector switch provides the operator with the
in manual. As turbine load is increased, secondary - option of choosing either loop 1,loop 2, or both

- USNRC Techmcal Trammg Center - 4.1 . ‘ ; .+ Rev1201
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loops as inputs to -the calculation of Tavg.
However, placing the selector switch in the 1 & 2
position will minimize the effect of a temperature
detector failure.

The output range of the. Tavg. calculator is
515°F to 615°F which is the same range as the
individual temperature detector inputs.: The output
of the Tavg’ calculator is used to generate the
pressurizer level setpoint, the steam dump quick
open signal, and is also . supplied to the
temperature summer where it is compared with
the reference temperature that is calculated from
turbine first stage pressure (Tref).

4.2.2 Turbine First Stage Pressure.

Since the purpose of the RRS is to maintain
Tavg ‘at the desired value for efficient turbine
operation, it is logical to use a turbine load related
parameter as an input. Turbine first stage pressure
varies linearly as turbine load changes and is used
in two different ways by the RRS. First, the first
"stage pressure input ‘is used to generate the
variable Tavg setpoint called reference tem-
perature (Tref). Tref is compared with actual
Tavg in the temperature summer and the differ-
ence between the temperature values is used to
deterr’riine/rod motion. The second use of turbine
first stage pressure is in the development of power
erTor. .

As previously stated, first stage pressure is
directly proportional to turbine load or power.
This turbine power signal is compared with
reactor power in the power summer and is used as
an anticipatory signal for CEA motion demand.

" The output of the power summer is supplied
to a rate unit (d/dt). If there is a rate of change of
turbine-power with respect to reactor power, the
rate unit will have an output. For example, if
turbine load (power) is decreasing, then the heat
production by the reactor exceeds the heat

removal by the turbine. The mismatch between
turbine and reactor power will cause an increase
in RCS Tavg. However, the rate unit senses the
decrease in turbine power and supplies a signal to
initiate CEA insertion. In this example, CEA
motion is initiated before a temperature error is
developed in the temperature summer. Of course,
the opposite actions would occur if turbine power
exceeds reactor power.
4.2.3 Reactor Power Input

The RRS reactor power input is supplied from
the control channel associated with each RRS
cabinet. The control channel input is used in the
development of the power error signal. The non-
safety related control channel signal has a range of
0 to 120% power.
4.2.4 Pressurizer Pressure

A pressurizer pressure input (1500-2500 psia)
is supplied to the RRS and may be used as an
anticipatory signal for CEA motion. Changes in
Tavg cause pressurizer level changes!which,‘ in
turn, change pressurizer pressure. Due to the lag
in temperature measurement, the pressurizer
pressure signal will reflect temperature changes.
A jumper is provided in the RRS to remove this
input if it is not required for proper response.

4.3  RRS Circuitry
4.3.1 Temperature Lag Circuit

The output- of the temperature summer is
supplied to a lead/lag unit that functions to delay
the temperature error. The delayed 51gna1 allows
reactor power to overshoot or undershoot the
value of turbine power and create a small power
mismatch :to increase or decrease the stored
energy in the RCS.

'"USNRC Technical Training Center
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" 4.3.2 Total Error Summer

' 4.3.3{‘ CEA Rate Circilit

S

-
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The total error summer receives inputs from’
the temperature summer, the power summer, and*
pressurizer pressure (if used). The output signal is
“'a temperature error signal that has been modified
by the rate -of change of power and pressurizer
- pressure.” ~The -summer output’ will be’ used in
deterrmmng CEA speed and drrectlon ; "

Rl PR T I ”i

- The - modified temperature error signal from™ -

" the output of ‘the total error summer is used in *

determining the speed of CEA movement. As
shown on Figure 4-2, equivalent temperature
errors of 2°F result in low rate CEA motion while
errors of 3°F result in high rate CEA motion.
Low rates of CEA insertion or withdrawal occur -

: at three (3) inches per minute.” High rates of CEA

'473.4 - CEA Direction Circuit ' -

‘insertion or-withdrawal occur -at 30 inches per
mmute T o ; :

- ¢ -

" The ‘output of the total error summer is also-
supplied to the CEA direction circuit which is™
used to determine the need for CEA insertion or
withdrawal. When the temperature error is less
than =+ 2°F, no CEA motion will occur in either -
direction. This 2°F deadband prevents unneces-"

(Tavg > Tref) inward CEA motion will occur at
the rate determined by the CEA rate circuit.
When the temperature error exceeds - 2°F (Tavg <™
Tref), CEA withdrawal will occur at the rate
determined by the CEA rate circuit. These values
and directions are shown on Figure 4-2.

4.4  RRS Operations
4.4.1 Plant Startup

After the plant has been heated up to no load

~Tavg- (532°F) " by -RCP - energy, criticality is

achieved by .manual CEA withdrawal. - Manual

‘control of the CEAs is maintained until reactor
" power is equal to'15%.

During this period, the
RRS is supplying the pressurizer level control
system with the programmed level setpoint. At
15%, the control.element drive system (CEDS)
may be placed in the automatic sequential mode

. and the RRS can be used to maintain Tavg during
i~ the remainder of the power escalation. . However,
-technical -specifications dictate that the last CEA

group be maintained at least 90 inches withdrawn
when'power is greater than 20%. This leaves only
a very small amount of available- positive
reactivity. that’ can ‘be added to overcome the

-. power -coefficient’s negative reactivity. - There-
-fore, the escalation .in-power -must be :accom-

plished by a combination of CEA withdrawal and
boron dilution.” Once the unit is at 100% -power,

. the RRS can be used for load reductions or ramp

changes induced by. equrpment problems or.grid
disturbances. - . . L

4.4.2 Ramp Load Reduction -~ - ::

Figure “4-3 _.illustrates the control actions
performed- by the RRS when . turbine load is
reduced from 100% to 15% at 5% per minute.
The reduction in turbine load causes a decrease in

- the turbine first stage pressure input. The de-
* creased turbine first stage pressure input has two

sary CEA motion. When the error exceeds +2°F : .- effects: T T

1. An output from the power error (d/dt) rate
“circuit,and- . - .. - -

2. An output from the temperature summer

',.~ because Tref drops below Tavg.

These two “outputs’ combine" to, cause CEA
insertion. The reduction of turbine power is faster
than the decrease in reactor power. This provides
the necessary power mismatch required for a de-
crease in Tavg. At about 1100 seconds, reactor

USNRC Techmcal Trammg Center
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power decreases below turbine power and Tavg
decreases below Tref. This reverses the direction
of CEA motion. Other corrective oscillations
occur to fine tune Tavg to within the control band.

4.4.3 Step Load Decrease

As shown on figure 4-4, the step load reduction
causes CEA insertion at the high rate.. This initial
rate is caused by the output of the power error
circuit as it senses a very large rate of change.
CEA insertion continues at a high rate (primarily
“due to the large temperature error) until reactor
power drops below turbine power. This condition
causes a reversal in the output of the derivative
unit and drops the insertion rate to low speed
because power error is now subtracted from the
temperature error circuit. With reactor power
below turbine power, Tavg begins to drop. The
remainder of the transient is more dependent upon
reactivity effects than RRS actions.

4.5 RRS Indications

The following is a listing of RRS indications
that are available for use by the control room
operator:

1. Tavg/Tref recorder - One (1) two (2) pen
recorder per RRS. One pen indicates Tavg,
while the second pen registers the value of
Tref.

2. Tavg indication indicates the value of
Tavg from the selected RRS.

3. CEA status lamps (5) provide the follow-
ing indication:

‘ High rate CEA withdrawal,

Low rate CEA withdrawal,

Hold,

High rate CEA insertion and

Low rate CEA insertion.

LS LA

4. A level setpoint provides indication of the
calculated pressurizer level setpoint.

4.6 RRS Interfaces

In addition to supplying the pressurizer level
control system with its setpoint, the RRS also
interfaces with the CEDS and SDBCS., ,The
CEDS interface consists of CEA rate, CEA
direction, and automatic withdrawal prohibit
(AWP) signals. AWP signals prevent CEA
withdrawal if a high Tc or a large Tavg/Tref error
exists. The interfaces with the SDBCS consist of
the Tavg input which is used in the quick opening
logic.

4.7 Summary

The RRS is installed to maintain the desired
ramp of Tavg as power is increased. The ramp in
Tavg minimizes the reduction in steam pressure
which, in tumn, improves turbine efficiency.  The
RRS receives inputs from Tavg, turbine first stage
pressure, and linear control channel reactor power.
In addition to controlling Tavg, the RRS also
supplies the pressurizer level control system and
the steam dump and bypass control system.

USNRC Technical Training Center
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Figure 4-3 Ramp Load Reduction
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Figure 4-4 Step Load Reduction
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